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ABSTRACT
Over the past few decades, evidence-based dietary guidance has transitioned in focus from single
components (i.e., nutrients or food groups) to a more holistic total diet approach. While the total diet
approach is more practical for public health messaging, capturing the complexity and multidimensionality
of overall diet is methodologically challenging. As a result, diet quality indexes have been developed to
facilitate comparisons across dietary patterns by yielding total diet quality scores (i.e., higher
score=healthier diet). Various high-quality diets are consistently associated with a similar magnitude of
overall and cardiovascular disease (CVD) mortality risk reduction across different diet quality indexes,
despite distinct index-specific weighting schemes (i.e., component contributions to total score).
Current diet quality weighting schemes are subjectively assigned have yet to be optimized to represent
component-specific importance on health outcomes. However, since intake of some individual diet quality
components (e.g., fruits, vegetables, whole grains, and plant proteins) confer mortality risk reductions
comparable to total diet quality scores, current diet quality indexes may benefit from alternative weighting
approaches. Moreover, data-driven machine learning (ML) techniques may better capture the relative
importance of multidimensional dietary components but have yet to be applied to current diet quality
indexes.
The present study assessed two modified diet quality component weighting schemes within the
Healthy Eating Index (HEI)-2015, a diet quality index used to assess dietary pattern adherence with the
U.S. Dietary Guidelines for Americans 2015-2000. Standard HEI-2015 scores were calculated, then
components were reweighted using two modified weighting schemes, creating two new HEI scores: a
theory-based Key Facets HEI where weights were distributed equally across the most common and
individually impactful components (i.e., fruits, vegetables, plant-based proteins, and whole grains –
referred to as “Key Facets”) and a data-driven ML-weighted HEI utilizing ML models to assign weights
based on relative component importance. Ultimately, analyses assessed diet quality scores measured with
standard and modified component weights and their associations with all-cause and CVD mortality within
two independent samples.

The hypothesis that compared to standard scores, modified-weight scores would be associated with
larger magnitudes of mortality risk was first examined in a nationally representative sample of U.S. adults
in the National Health and Nutrition Examination and Survey III (1988-1994). Within this sample,
modified-weight HEI scores were significantly associated with 23% to 39% reductions in all-cause
mortality risk while the standard HEI-2015 was not associated with all-cause mortality risk and none of the
HEI scores were associated with CVD mortality risk. After establishing associations in a nationally
representative sample, analyses were directly replicated within the Multiethnic Cohort (MEC, 1993-1996),
a large, ethnically-diverse independent cohort. Within the MEC, standard and modified-weight HEI scores
were comparably associated with 10% to 24% decreased all-cause and CVD mortality risk.
Current dietary guidance equally emphasizes all recommendations equally, however, our analyses
suggest that there may be opportunities to simplify guidance without compromising health benefits.
Compared to the standard HEI-2015, two modified weight HEI scores featured heavily weighted Key Facet
components (i.e., fruits, vegetables, plant-based proteins, and whole grains) and reduced weight moderation
components (i.e., sodium, added sugar, saturated fat) showed promise with greater magnitudes of mortality
risk associations in a nationally representative sample. While the greater magnitudes of mortality risk
associations were not similarly observed when analyses were replicated in an independent cohort, this may
be related to error-prone intake measurement and/or healthier overall dietary patterns.
Taken together, improved performance in a national sample and comparable performance in an
independent cohort indicates that modified weight HEI scores should be further examined, ideally using
more recently collected data reflecting present day dietary patterns.
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ABSTRACT
Background: Different types of high-quality diets are consistently associated with a similar magnitude of
mortality risk reduction across various diet quality indexes, despite subjectively assigned index-specific
component weighting schemes.
Objective: This study examined whether diet quality scores using a standard measure or measures with
modified weighting schemes are differentially associated with all-cause and cardiovascular disease (CVD)
mortality risk.
Design: Nationally representative National Health and Nutrition Examination and Survey III (1988-94)
cross-sectional data with linked mortality outcomes were analyzed from 10,789 U.S. adults. Diet quality
was assessed with one 24-hr recall using the Healthy Eating Index (HEI)-2015. Two modified HEI scores
were created by altering the standard weights of 5 or 10 points assigned to the 13 HEI components (9
adequacy, 4 moderation). The Key Facets HEI emphasized fruits, vegetables, whole grains, and plant
proteins by equally distributing points across these components. Applying data-driven component weights,
the Machine Learning (ML)-weighted HEI was defined using LASSO models, a type of regression capable
of selecting variables and regularizing estimates, to capture relative component contributions to mortality
risk. For all 3 HEIs, energy-adjusted scores were ranked and assigned to quintiles; adjusted sex-stratified
Cox models with age as the timescale assessed associations between HEI quintiles and all-cause and CVD
mortality risk.
Results: High scores (i.e., Q5 vs. low (Q1)) on both modified HEIs were associated with reduced all-cause
mortality risk, ranging from 23% to 39%, while the HEI-2015 was not significantly associated with allcause mortality risk. For women, the magnitude of the all-cause mortality risk reduction was the largest for
the ML-weighted HEI (39% vs. 35% on the Key Facets), while the opposite was observed for men (27%
risk reduction on Key Facets vs. 23% on ML-weighted HEI). There was no association between any of the
HEI scores and CVD mortality.
Conclusions: Only modified weight HEI scores were associated with reduced all-cause mortality risk.
Findings suggest data-driven diet quality weighting schemes warrant further examination to determine their
replicability.
Word count: 327 (300 limit)
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INTRODUCTION
Overall dietary patterns, rather than single foods or nutrients, are increasingly recognized as
primary lifestyle risk factors for cardiovascular disease (CVD) and overall mortality and therefore are the
focus of dietary recommendations both nationally and globally. Despite variation across healthy dietary
patterns, numerous high-quality diets are consistently associated with reduced mortality risk. 1 Furthermore,
it is unclear whether any single high-quality dietary pattern is more predictive of mortality outcomes than
others.
The Dietary Patterns Methods Project (DPMP) was initiated in 2012 to strengthen evidence on
dietary patterns and mortality by synthesizing diet quality-mortality associations across 3 large U.S. cohorts
and 4 common indexes.2,3 Supporting the flexible total diet approach promoted in the Dietary Guidelines
for Americans (DGAs),4 the DPMP concluded that high diet quality was consistently but modestly
associated with a 14% to 28% reduced risk of all-cause and CVD mortality. Furthermore, the DPMP
authors hypothesized that 4 components present in all indexes (i.e., fruits, vegetables, whole grains, and
plant proteins – herein “Key Facets”) may be driving mortality risk associations. 2 The magnitude of
mortality risk reduction conferred from optimal intake of individual Key Facets in previous meta-analyses
is comparably associated with the overall range of risk reduction for total diet quality in the DPMP, 5–7
suggesting that current diet quality indexes may not fully capture total diet-mortality associations.
While it is unlikely that all diet quality components are equally important, 8 current weighting
schemes (i.e., component contributions to total diet quality score) are subjectively assigned, oftentimes
equivalently. For instance, the Healthy Eating Index (HEI)-2015 allocates 100 total points equally across
10 main food groups (represented with 13 components) which may misrepresent relative component
importance in terms of health outcomes and attenuate associations between diet quality scores and
mortality risk.1,8 Given recent advancements in machine learning (ML), characterization of the relative
importance of specific dietary components for reducing mortality risk is now possible, which may allow for
more accurate and impactful guidance.9
Therefore, the purpose of this study is to examine whether diet quality scores measured with
standard or modified component weighting schemes are differentially associated with all-cause and CVD
mortality risk. We hypothesize that compared to standard HEI-2015 scores, modified-weight HEI scores
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calculated using two approaches – a theory-based score equally emphasizing the Key Facet components
and a data-driven score where component weights are derived from machine learning (ML) models – will
result in improved evaluation of mortality risk.
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SUBJECTS AND METHODS
Data were analyzed from NHANES III (1988-94), a U.S. nationally representative study capturing
information on health and nutritional status. Methods for NHANES III have been described elsewhere. 10
Briefly, approximately 34,000 noninstitutionalized civilians aged ≥2 mos. were selected for participation
using a complex, multistage, probability design.11 Data were collected first with household interviews, then
participants visited a mobile examination center (or completed a home examination when applicable) where
anthropometric, biochemical, dietary intake, and other health measures were collected. Ethical approval
was given by the National Center of Health Statistics and documented informed consent was obtained from
participants.10
The analytic sample (n=10,789) selection is depicted in Supplementary Figure 1. Consistent with
the DPMP, the analytic sample included participants with complete dietary and mortality data, and reliable
24-hr recall and participant interview as indicated by NHANES staff. Participants with self-reported history
of cancer (non-skin), stroke, myocardial infarction, or congestive heart failure were excluded. Beyond
DPMP criteria, we additionally restricted analyses to participants aged ≥ 20 years (i.e., adults per NHANES
III analytic guidelines12) with plausible energy intake between 400-7,000 kcals,13 and excluded participants
who were pregnant and/or breastfeeding at the time of interview due to differing energy needs. We also excluded participants with diabetes (self-reported, fasting blood glucose ≥ 126 mg/dL, HbA1c ≥ 6.5%, or
self-reported use of diabetes medication within the past month) or chronic kidney disease (estimated glomerular filtration rate ≥ 60mL/min) because changes in diet may follow cardiometabolic diagnoses. All
analyses were sex-stratified a priori (n=5,594 women and n=5,195 men) for comparability with DPMP estimates.
Diet quality exposure variables
Dietary data in the form of 24-hr recalls were administered via automated interview using the Dietary
Data Collection computer system which allowed for linkage to the USDA’s Nutrient Databases.11,14,15
Approximately 15% were collected on each of the 7 days of the week; most participants completed just one
recall, while approximately 5% completed a second recall. 10 Diet quality was measured from a single 24-hr
recall using HEI-2015, an index that assesses compliance with the 2015-2020 DGAs.16 While the original
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HEI17 better reflects the DGAs at the time of NHANES III data collection, the current HEI-2015 was
selected for this analysis to better assess mortality risk associated with current guidance.
HEI-2015: The standard HEI-2015 is comprised of 13 components (9 adequacy and 4 moderation)
which are scored proportionally (e.g., for whole fruits, intake of 0.4 c./1000 kcals equates to a maximum
score of 5 points, therefore, intake at 0.2 c./1000 kcals equates to a score of 2.5 points). Higher intake
within adequacy components (e.g., fruits, vegetables, whole grains, etc.) equates to higher scores.
Moderation components (e.g., added sugar, sodium, etc.) are scored inversely so higher scores reflect lower
(i.e., more desirable) intakes. Food groups and nutrients are represented with either a single 10 point
component or two nested subcomponents worth 5 points each (e.g., whole and total fruit), which sum to a
maximum total score of 100 points; higher scores equate to higher diet quality. 16
HEI-2015 scores were calculated and components were reweighted to create two modified scores for a
total of 3 HEI scores: 1) the HEI-2015, 2) the Key Facets HEI, and 3) the ML-weighted HEI (summarized
in Table 1). All 3 HEI scores were adjusted for overall energy intake using the residual method, i.e.,
continuous scores were regressed onto total energy intake, then residuals were ranked and assigned into
sex-specific quintiles.18
Key Facets HEI: Using a theory-based reweighting approach, the Key Facets HEI was developed to
examine whether the consistency of reduced mortality risk observed across diet quality indexes was
explained by components for fruits, vegetables, whole grains, plant-based protein. In the Key Facets HEI,
100 total points were distributed equally across the 4 key facets (i.e., 25 points/each). Plant-based proteins
were represented with seafood and plant proteins, a total protein foods subcomponent. Since fruits and
vegetables are comprised of 2 subcomponents (i.e., total and whole fruit; total vegetables and greens &
beans) the 25 points were equally distributed (i.e., 12.5 points/subcomponent).
ML-weighted HEI: Using a data-driven approach, the ML-weighted HEI was developed using least
absolute shrinkage and selection operator (LASSO) models to determine the optimal component weighting
scheme for maximizing mortality risk reduction. Data-driven weights for the ML-weighted HEI were
obtained using unadjusted, unweighted, sex-stratified LASSO models from the glmnet package in R v.3.6.3
(R Foundation for Statistical Computing, Vienna, Austria) 19 containing HEI-2015 component scores as
predictors, attained age as the timescale (described below), and all-cause mortality as the outcome. Cross-
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validation was used to select the optimal tuning factor (λ) which determines the strength of the penalization
applied. Since LASSO models shrinks and selects model coefficients variables by assigning a coefficient of
0 to less important predictors, components assigned a coefficient of 0 were omitted from the ML-weighted
HEI, except for when any of the 4 key facets were omitted, which the model was adjusted to force
retention. The weighting scheme (Table 1) was derived by summing the absolute value of all coefficients
and calculating the component-specific relative contribution (i.e., each component’s percentage of the
summed coefficients).
Mortality variables
National Death Index records updated through 31 Dec 2015 and matched to NHANES participants
using personal identifiers (e.g., name, birthdate, social security number, etc.) by the National Center for
Health Statistics informed the outcome variables. Outcomes of interest included mortality by all-causes and
CVD; CVD mortality outcomes were defined as mortality events where the leading cause of death was
listed as diseases of the heart or cerebrovascular diseases.
Covariates
For consistency and comparison of estimates, standardized DPMP covariates were replicated as
directly as possible within NHANES III using participant data from the interview and exam. Race/ethnicity
and ethnicity were self-reported during screening for the household interview; responses for race/ethnicity
(Black, White, Other, N/A) and ethnicity (Mexican American, Other Hispanic, N/A) 20 were combined to
create a nominal variable (non-Hispanic White, non-Hispanic Black, Mexican American/Hispanic, Other
race/ethnicity). Education, measured in number of years of education completed were self-reported during
the household interview;12 years of education were recoded into a 3-level variable including less than high
school (i.e., <12 years), high school graduate (i.e., 12 years), some college (i.e., >12 and <16 years),
college graduate (i.e., ≥16 years). Consistent with the DPMP, education was included as a measure of
socioeconomic status instead of income.
Interview questions on smoking history were used to define a three-level smoking status variable
(current, former, never). Participants were first asked if they had smoked at least 100 cigarettes in their
lifetime, those responding ‘no’ were designated as never smokers while participants responding ‘yes’ were
next asked if they currently smoke and responses determined designations of former or current smoker.21
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Participants reported their marital status during the interview, selecting from 7 classifications (married
with(out) spouse in household, living as married, widowed, divorced, separated, and never married) 21
which were recoded into a dichotomous marital status variable (married/living as married or not (widowed,
divorced, never married, separated)).
Leisure time physical activity was assessed during the interview. Participants reported on
engagement on nine activities (i.e., jog/run, bicycle, swim, aerobics, dancing, calisthenics, gardening/yard
work, weightlifting, and other) and frequency over the past month. Because duration of physical activity
was not assessed, number of monthly activities reported were summed and divided by 4.3 (i.e., average
weeks/month) to obtain total weekly activities which were dichotomized (<2.5 or ≥2.5 weekly physical
activities reported).
Height and weight were measured by trained staff during the NHANES III examination and used
to calculate BMI, which was categorized to create a three-level variable (<25 kg/m2, ≥25 to <30 kg/m2, ≥30
kg/m2).22 Energy and alcohol intake, both measured continuously, were obtained from 24-hr recall data
collected using the Dietary Data Collection computer system, where total nutrient intakes were calculated
via linkage to the USDA’s Survey Nutrient Data Base.11 Use of hormone replacement therapy for women
only was assessed prescription medication data collected during the interview. Medications given the ICD9 code of V07.4 indicating postmenopausal hormone replacement therapy were used to create a
dichotomous variable (yes/no).23 There were no missing covariate information for participants within the
analytic sample.
Statistical analysis
LASSO models were developed using R (R Foundation for Statistical Computing, Vienna,
Austria) and all remaining analyses were completed in SAS 9.4 (SAS Institute Inc., Cary, NC, USA) where
complex survey weights were applied (unless otherwise noted) to obtain nationally representative
estimates. All significance tests were 2-sided at the 0.05 significance level. Because this analysis was
somewhat exploratory, no adjustments were made for multiple comparisons. Means and frequencies of
participant characteristics were examined across HEI quintiles of all 3 scores and linear trend tests were
used to assess differences across HEI quintiles of each score. For continuous characteristics, median values
were assigned to all participants in each quintile and regression models assessed trends across quintiles, and
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for categorical characteristics, the Cochran-Mantel-Haenszel test was used to assess trends. To examine the
diet patterns associated with high and low diet quality on all 3 HEI scores, mean component intakes were
calculated and compared descriptively. Unweighted pairwise correlations between the three continuous
HEI scores were also examined to determine how similar participant scores were across the different HEIs.
We used Cox models to assess associations between HEI quintiles and mortality risk (all-cause
and CVD). Variance was estimated using Taylor series linearization. For all 3 HEI scores, hazard ratios
(HRs, with quintile 1 (Q1, i.e., low diet quality) as the reference group) were estimated using both partiallyadjusted (adjusted for energy intake) and adjusted models. Covariates selected a priori included
race/ethnicity, education, smoking status, BMI, marital status, physical activity, hormone replacement
therapy, age, energy and alcohol intake. Rather than follow-up time, attained age (i.e., age at NHANES III
interview to age of death or censoring) was applied as the Cox model time metric; because NHANES III
participants ages ranged from 20 to 80 years at baseline, mortality risk was more strongly related to age
than time-on-study and therefore, attained age was the most appropriate metric for estimating baseline
hazards within our sample.24,25 Furthermore, numerous proportional hazards assumptions violations were
observed when time-on-study was applied as the time scale which were not present in the model with the
attained age time scale. Alongside overall model tests of the null hypothesis (i.e., that the model predictors
and covariates are not associated with mortality outcomes), linear trends in mortality risk across HEI
quintiles were tested by assigning median HEI values to all participants in each quintile and analyzing HEI
as a continuous variable. To compare model fit across the 3 HEIs, difference in Akaike Information
Criterion (AIC) values relative to the HEI-2015 model were examined for the Key Facets and ML-weighted
HEIs.
Cox model proportional hazards assumptions were assessed via interactions with age where
statistically significant interactions indicated violations. After confirming no evidence of major departures
within partially-adjusted models (i.e., energy-adjusted quintiles of HEI), covariate-age interactions were
singly examined for within partially-adjusted models. Because covariates were selected a priori in
alignment with the DPMP, when proportional hazards violations amongst model covariates were present,
sensitivity analyses examined model stratifications.
Sensitivity analyses
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Sensitivity analyses examined all-cause mortality models stratified by education, given significant
age interactions indicated proportional hazard violations. However, some education-stratified model
estimates were unstable, so an additional sensitivity analysis was conducted by removing education from
fully-adjusted models. In LASSO models used to determine ML weights, sensitivity analyses assessed
model fit using the c-statistic,26 a measure of concordance between model-based mortality predictions and
actual outcomes. C-statistics range from 0 to 1, where a value of 1 indicates perfect discrimination and a
value of 0.5 indicates model discrimination is no better than chance.
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RESULTS
Participant characteristics
Among 5,594 women, 1,276 (23%) all-cause mortality events occurred, 328 (6%) which were due
to CVD, and amongst 5,195 men, 1,570 (30%) all-cause and 388 (7%) CVD mortality events occurred with
a median 276 months for women and 277 months for men (i.e., 23 yrs., range = 1 to 326 months) of followup. Participant characteristics for high (i.e., in quintile 5 (Q5)) and low (i.e., Q1) scores on all 3 HEIs are
displayed in Table 2 for women and Table 3 for men; characteristics followed similar patterns across both
sexes and all 3 HEI scores. Compared to Q1, men and women in Q5 had higher scores on all 3 HEIs, lower
BMIs, older ages at enrollment, and generally lower energy intake (p-value for trend across HEI quintiles
<0.0001). Men and women in Q5 were also more likely to be Non-Hispanic White versus more NonHispanic Black and Hispanic participants in Q1. Participants in Q1 were more likely to be married than Q5
(p-value for trend <0.05). Across all scores, Q5 had fewer current smokers, and more former and
nonsmokers as well as more college graduates and fewer participants with less than a high school education
(p-value for trend <0.0001). Additionally, more women in Q5 were using hormone replacement therapy as
compared to Q1 (p-value for trend <0.0001). All HEI scores were moderate-to-highly correlated (r>0.6;
data not shown). In both sexes, HEI-2015 scores were slightly more strongly correlated with ML-weighted
(r=0.8) than Key Facets HEI scores (r=0.7).
Mean Q1 and Q5 component density intakes are presented in Supplementary Tables 1 and 2.
Component intake patterns were similar across both sexes and aligned with overall scores – e.g., Q5 (vs.
Q1) component intakes had stronger adherence to the DGAs (i.e., higher intake for adequacy and lower for
moderation components) except for dairy and total protein foods, where intakes appeared similar (e.g., Q1
vs. Q5 differences of <0.1c. for dairy and <0.5 oz. for total protein). Mean Q1 and Q5 intakes attained or
approached maximum component score intake thresholds for total vegetables (despite descriptively higher
Q5 intake, 1.94 to 2.42 vs. 1.01 to 1.57c./1000 kcals) and total protein foods, and for Q5 only in greens &
beans, total fruit, whole fruit (women only), and seafood & plant proteins (modified scores only). On the
other hand, mean intakes for Q1 and Q5 were consistently aligned to low scores (i.e., low adherence to
DGAs) for whole grains, dairy, fatty acids, and all moderation components.
All-cause mortality

13

Associations between high (Q5, vs. low, Q1) diet quality scores on all 3 HEIs and all-cause
mortality risk are presented in Figure 1. Across quintiles, significant linear trends in all-cause mortality
risk were observed in adjusted models for Key Facets (test for trend p-value=0.0017 for women, pvalue=0.0257 for men) and ML-weighted (test for trend p-value=0.003 for women, p-value=0.011 for men)
but not the HEI-2015 (test for trend p-value=0.06 for women, p-value=0.3 for men). Q5 on the HEI-2015
was not associated with a nonsignificant risk reduction (HR=0.79 [95% confidence interval (CI) = 0.60,
1.04] in women and 0.89 [0.71, 1.11] in men). However, Q5 on the modified HEIs was significantly
associated with reduced risk. In women, the ML-weighted HEI yielded the largest magnitude of risk
reduction with an estimated 39% (HR=0.61 [0.46, 0.81]) followed by the Key Facets with an estimated
35% reduction (HR= 0.65 [0.46, 0.92]). In men, the Key Facets HEI was significantly associated with an
estimated 27% morality risk reduction (HR=0.73 [0.54, 0.99]) compared to an estimated with the MLweighted HEI. Similar findings were observed in partially-adjusted models for both sexes and all 3 HEI
scores, Q5 vs. Q1 had significant 33% to 53% reductions in all-cause mortality risk; quintile estimates of
partially-adjusted and adjusted all-cause mortality HRs are presented in Supplementary Table 3.
CVD mortality
Adjusted sex-stratified estimates for the association between high (i.e., Q5 vs. Q1) scores on all 3
HEIs and CVD mortality risk are presented in Figure 2. For both sexes, none of the HEI scores in the
adjusted models were significantly associated with CVD mortality risk (p>0.05). In partially-adjusted
models, none of the HEI scores were statistically significant for women; however, both modified HEI
scores were associated with reduced CVD mortality for men, where Q5 (vs. Q1) CVD mortality risk was
lower by an estimated 47% on the Key Facets (HR=0.54 [0.33,0.89]) and 41% on the ML-weighted (HR=
0.59 [0.39,0.90]; and HR=0.66 [0.45,0.95] (p-value for trend>0.1) on the HEI-2015). Supplementary
Table 4 contains sex-stratified quintile estimates of partially-adjusted and adjusted CVD HRs across all 3
HEI scores.
Sensitivity analyses
In Supplementary Tables 5 to 8, models are stratified by education which violated proportional
hazards assumptions. Similar to main analyses, the HEI-2015 was not associated with all-cause mortality in
any education-stratified models. In participants with less than high school education, only the ML-weighted
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HEI in men (p-value for trend = 0.016) was significantly associated with a 38% reduction in all-cause
mortality risk. In high school graduates, high diet quality on the Key Facets HEI in men was associated
with a 59% reduction in mortality risk (p-value for trend = 0.0005) while the ML-weighted HEI was
associated with a reduction of 32% in men (p-value for trend = 0.016) and 35% in women (p-value for
trend = 0.045). No HEI score was associated with all-cause mortality among participants with some college
education, and estimates for college graduates were unstable due to small strata sample sizes.
Due to unstable education-stratified estimates, models without education included as a covariate
were also examined to determine whether primary findings changed after removing the only covariate with
proportional hazards violations. Conclusions were largely unchanged except for HEI-2015 associations
with all-cause mortality in women, which were significant after removing education from the model (pvalue for trend = 0.0401) (Supplementary Table 9).
Lastly, sensitivity analyses explored model fit in LASSO models used to derive ML weights. Our
unadjusted, unweighted ML-models had c-statistics of 0.5375 for women and 0.5578 for men.
Model fit comparisons
In Supplementary Table 10, AIC model fit statistics and their change relative to the HEI-2015
models are presented for both sexes; smaller AIC values – i.e., any reduction from the HEI-2015 model
AIC – is indicative of better fit.27 Compared to HEI-2015 models, AICs were relatively similar (i.e., <1%
change), however, the ML-weighted models consistently fit better than the HEI-2015 models for both sexes
and both mortality outcomes.
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DISCUSSION
The primary goal of this analysis was to evaluate whether two reweighted HEI scores were associated
with all-cause and CVD mortality risk among a nationally representative sample of US adults; and if so, to
what magnitude relative to HEI-2015 scores. Both reweighted HEI scores were associated with statistically
significant 23% to 39% reductions in all-cause mortality risk, while the HEI-2015 was not associated with
mortality risk. None of the HEI scores were associated with CVD mortality risk, which may be attributed to
fewer CVD mortality events or potential inaccuracies in cause-of-death information on death certificates,28,29 similar to previous research in this population with similar exposures (e.g., ultra-processed food,
plant-based diet indexes).30–32 Comparatively, in DPMP analyses of 3 U.S. cohorts, 4 diet quality scores
(including the HEI-2010) were associated with risk reductions of 17% to 26% for all-cause and 14% to
28% for CVD mortality.2 In this analysis, all-cause mortality risk associations for modified-weight HEI
score were generally ≥10% larger in magnitude than those observed with standard weighting schemes in
the DPMP as well as in meta-analyses on diet quality and mortality risk associations.33,34
Present analyses support the DPMP hypothesis that Key Facets common to virtually all diet quality indexes contribute substantially to mortality associations - increasing the value of the key facet HEI-2015
components from 35 to 100 points, Key Facets HEI scores were strongly associated with overall mortality
risk (27% to 35% reductions) despite being a simplified HEI score with fewer than half the original components. Key facets were also heavily up-weighted in the ML-weighted HEI to 63 points for women and 57
points for men; total ML-weighted scores were associated with 23% to 39% all-cause mortality risk reduction. Heavily weighting key facet components may have contributed to the larger magnitude (vs. HEI-015)
of all-cause mortality risk associations for modified-weight HEI scores.
In meta-analyses of food groups and all-cause mortality risk, collectively, optimal intake of key facets
(along with fish) is associated with a 56% risk reduction while high intake of moderation food groups (e.g.,
red & processed meat, sugar-sweetened beverages) is associated with 52% increased risk. While the magnitudes of risk appear similar for risk-reducing and risk-promoting components, HEI-2015 scores are comprised of 60 adequacy points and 40 moderation points and in the ML-weighted HEI, moderation components were reduced to 18 points for women and 27 points for men. Though only a single component was
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omitted (sodium for women) from data-driven models, suggesting that moderation components are not inconsequential but Key Facets are of primary importance.
In this analysis, HEI components were reweighted while maintaining all other aspects of scoring such
as intake constraints and allocation of foods to components. Component intakes exceeding maximum score
criteria are constrained; therefore, components are unlikely to inform dietary risk when a substantial portion
of the sample receives a high score (e.g., total protein foods in this analysis and the general US population).
Intake thresholds may be particularly relevant in the ML-weighted HEI because component scores rather
than raw intakes estimated data-driven weighting schemes. Allocation of intake into HEI components also
influences the ML-weighted HEI because some specific foods are highly influential in the HEI and contribute to multiple components, some with additive and others with bidirectional impacts on total scores. For
example, despite strong associations with CVD mortality risk, processed meat intake on the HEI is simultaneously awarded total protein foods adequacy points and penalized in moderation components for sodium
and saturated fat content. More unidirectionally, legume intake contributes to 4 adequacy components simultaneously, due to allocation of legumes into two incentivized subgroup components (i.e., greens and
beans, seafood and plant protein) where intake also counts towards overarching total vegetables and protein
foods components. Therefore, further optimization of HEI component weights may require closer examination of scoring details such as intake constraints and current allocations of foods into components.
Nevertheless, present analyses examined modified weighting schemes within the HEI 35 due to the rigorous validation process, use of energy-density scoring, and because the HEI is regularly updated alongside
the DGAs.16,36 While virtually all diet quality indexes feature subjectively-assigned and/or equal weighting
schemes,8 HEI components are equally weighted because “until data become available to suggest otherwise, it is a premise of the HEI that the DGA(s) are meant to be considered as a whole and that all concepts
are equally important”.16 Notably, while dietary patterns that align with the HEI or similar indexes with
subjective weighting are health promoting, these results indicate that perhaps not all HEI components are
equally important. Ultimately, results suggest that continuing to equally emphasize all aspects of dietary
guidance may come at a cost for the missed opportunities to provide more targeted recommendations to reduce mortality risk.
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Findings from the DPMP support the notion that various high-quality dietary patterns are comparably
protective. Furthermore, various reviews and meta-analyses35 similarly highlight marked consistency in the
aspects of healthy dietary patterns across studies (e.g., high in fruit, vegetables, plant proteins, whole
grains, fish, and unsaturated fats, as well as low in red and processed meat, refined grains, and added sugars). Given the high level of agreement regarding the components of health-promoting dietary patterns,
shifting focus towards characterizing optimal balance between these components relative to overall intake
may be warranted.
Findings from this study support further integration of ML into diet quality assessment methods. Most
current ML applications focus on predicting outcomes or automating classification tasks 37 while in the present application, ML was applied to refine HEI weights while retaining all other aspects of HEI measurement. This application represents a hybrid approach that incorporates a priori evidence and empirical associations could be applied on a broader scale to optimize HEI weights, improving upon current subjectivelyassigned weights. Our ML models were used exclusively to derive component weights from regularized
estimates and not to estimate overall diet quality-mortality associations. Based on model fit estimates and
the potential limitations of using unadjusted and unweighted models to derive ML weights, there may be
opportunities to improve upon these crude models by integrating covariate adjustments or stratifications
and/or by utilizing unconstrained component intake densities in place of component scores as model input.
Limitations
This analysis is not without limitations. A single 24-hour recall may not reflect usual intake and because methodology does not yet exist to adjust diet quality scores for usual intake using 1, 24-hr recall,38
the variance of intake distributions may be overestimated in this analysis. Though even if usual intake adjustment were feasible, it would not correct for systemic bias related to underreported energy intake; 39,40 an
estimated 28% of women and 18% of men in NHANES III underreported energy intake, with higher rates
of underreporting observed for participants who were older and with higher BMIs.41 The cumulative effect
of measurement error related to usual intake and underreported energy intake in this analysis may result in
inflated HEI scores and attenuated mortality estimates. Additionally, the education covariate from the
DPMP methodology violated proportional hazards assumptions; nevertheless conclusions were unchanged
when that covariate was removed from models. Lastly, since data-driven component weights are optimized
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for mortality risk associated with population-based intakes, the performance of the ML-weighted HEI
likely varies across different samples so further research is needed to determine the replicability of findings.
This analysis also has several strengths. For comparability with DPMP analyses, we developed methods for this NHANES III analysis in alignment with the DPMP’s standardized methodology. 2 Furthermore,
this was conducted in a large nationally-representative sample suggesting results may be somewhat generalizable. Modified weight HEI point estimates were larger in magnitude than in the DPMP providing compelling evidence that reweighting diet quality components relative to their importance may be warranted.
Lastly, by examining a theory-based (i.e., Key Facets) and a data-driven (i.e., ML-weighted) modified HEI
score, this analysis considered two different HEI modifications and their association with mortality risk.
Findings suggest that both theory- and data-driven approaches are viable alternatives to current subjectively-assigned weighting schemes which are not optimized for capturing mortality risk, and that more consideration needs to be given to this critical yet frequently overlooked aspect of diet quality measurement.8,42
In conclusion, applying data-driven and theory-based modified diet quality component weighting
schemes resulted in larger estimates of associations with all-cause mortality risk compared to standard
weights amongst adults in NHANES III. Our findings suggest that some diet quality components are more
strongly associated all-cause mortality risk than others, contrary to the current position of the DGAs that
promotes all aspects of dietary guidance as equally important. While component weights in the HEI are not
intended to reflect importance in terms of health outcomes, weights should reflect the underlying guidance
and our findings indicate there may be missed opportunities to provide more refined dietary guidance focused on increasing intake of key facets.
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Table 1 – Summary of the point distribution for the three versions of the Healthy Eating Index
(HEI)
Components

Point value
HEI-2015

Key facets

ML-weighted

ML-weighted

women

men

Total Vegetables

5

12.5

0.5

11.4

Greens & Beans

5

12.5

6.4

0.8

Total Fruit

5

12.5

17.2

16.2

Whole Fruit

5

12.5

6.1

2.1

Whole Grains

10

25

15.4

12.4

Dairy

10

-

7.1

4.6

Total Protein Foods

5

-

0.5

3.7

Seafood & Plant Proteins

5

25

17.2

14.2

Fatty Acids

10

-

11.6

7.8

Sodium

10

-

0

0.2

Refined Grains

10

-

6.6

11.2

Saturated Fats

10

-

8.8

8.7

Added Sugars

10

-

2.6

6.6

Total Score

100

100

100

100

Machine learning (ML).
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Table 2 – Descriptive characteristics for women in NHANES III across groups of high (Q5) and low (Q1) diet quality on 3 HEI scores (n=5,594)
Standard HEI
Q1

Q5

n

1118

All-cause cases (n)
CVD cases (n)

Key facets HEI
p-trend

Q1

Q5

1119

1118

212

341

53

95

ML-weighted HEI
Q1

Q5

1119

1118

1119

189

333

217

344

39

90

45

96

Mean±SD or %

p-trend

Mean±SD or %

p-trend

Mean±SD or %
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Standard HEI

31.4±0.2

67.1±0.2

<0.0001

35.4±0.3

63.7±0.4

<0.0001

33.6±0.2

65.6±0.3

<0.0001

Key Facets HEI

20.6±0.3

63.5±0.5

<0.0001

19.9±0.3

63.7±0.4

<0.0001

17.7±0.2

65.9±0.4

<0.0001

ML-weighted HEI

16.6±0.4

58.5±0.6

<0.0001

11.2±0.3

63.4±0.4

<0.0001

13.8±0.2

61.9±0.5

<0.0001

BMI

26.3±0.3

25.2±0.2

<0.0001

26.8±0.5

25.1±0.2

<0.0001

26.7±0.5

25.3±0.2

<0.0001

Age (y)

38.0±0.6

47.9±0.8

<0.0001

36.9±0.7

48.0±0.7

<0.0001

37.4±0.7

48.6±0.8

<0.0001

Energy intake (kcal)

1737±30

1739±40

<0.0001

1790±30

1755±33

<0.0001

1778±29

1742±37

<0.0001

Alcohol intake (g)

2.4±0.4

9.8±1.9

7.4±1.3

7.0±1.2

4.7±0.8

6.9±1.4

Race/ethnicity

<0.0001

<0.0001

<0.0001

Non-Hispanic White

76.1

75.3

75.6

83.0

75.9

81.6

Non-Hispanic Black

13.2

11.6

14.7

6.6

13.4

7.3

Hispanic

8.6

9.3

7.8

6.1

8.8

7.0

Other race/ethnicity

2.1

3.8

1.9

4.3

1.9

4.1

59.1

65.0

59.3

65.0

61.6

65.2

Married
Smoking status

<0.0001
<0.0001

0.0005
<0.0001

<0.0001

Nonsmoker

50.1

53.5

48.1

59.8

45.3

61.4

Former smoker

12.7

17.7

10.8

24.5

13.3

25.7

Current smoker

37.3

28.7

41.2

15.7

41.4

12.9

Education

<0.0001

<0.0001

<0.0001
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Less than high school

22.6

19.8

26.4

12.7

26.8

12.3

High school graduate

41.1

42.5

39.3

31.6

38.8

33.8

Some college

21.4

21.1

22.2

26.2

21.5

25.6

College graduate

14.8

16.6

12.1

29.5

12.9

28.3

3.2

4.5

3.6

7.3

4.0

8.0

HRT

<0.0001

<0.0001

0.0250

<0.0001

Values presented under p-values columns reflect trend tests across HEI quintiles obtained via regression for continuous variables and Cochran-MantelHaenszel test for categorical variables. HEI, Healthy Eating Index; HRT, Hormone replacement therapy; ML, machine learning.

Table 3 – Descriptive characteristics for men in NHANES III across groups of high (Q5) and low (Q1) diet quality on 3 HEI scores (n=5,195)
Standard HEI
Q1

Q5

n

1039

All-cause cases (n)
CVD cases (n)

Key facets HEI
p-trend

Q1

Q5

1039

1039

289

349

77

104
Mean±SD or %

ML-weighted HEI
p-trend

Q1

Q5

1039

1039

1039

323

367

292

358

75

100

73

106

Mean±SD or %

p-trend

Mean±SD or %

28

Standard HEI

31.5±0.3

65.3±0.3

<0.0001

36.1±0.4

61.5±0.5

<0.0001

32.7±0.4

63.3±0.5

<0.0001

Key Facets HEI

30.0±0.4

68.3±0.5

<0.0001

30.3±0.4

67.7±0.5

<0.0001

27.0±0.3

70.2±0.4

<0.0001

ML-weighted HEI

16.3±0.5

55.6±0.6

<0.0001

10.0±0.2

60.5±0.5

<0.0001

13.3±0.4

58.0±0.6

<0.0001

BMI

26.3±0.2

26.1±0.2

<0.0001

26.5±0.3

26.1±0.1

<0.0001

26.1±0.3

26.0±0.1

<0.0001

Age (y)

36.5±0.5

44.8±0.7

<0.0001

36.3±0.5

44.8±0.8

<0.0001

35.5±0.4

45.9±0.7

<0.0001

Energy intake (kcal)

2743±57.6

2618±45.7

<0.0001

2712±54.2

2574±52.4

<0.0001

2769±48.4

2543±44.0

<0.0001

Alcohol intake (g)

8.2±1.0

19.5±1.5

27.3±2.8

10.4±1.2

13.6±1.5

12.1±1.2

Non-Hispanic White

73.1

82.1

76.5

82.8

76.2

81.3

Non-Hispanic Black

10.3

6.9

12.2

7.0

11.3

7.5

Race/ethnicity
<0.0001

<0.0001

<0.0001

Hispanic

12.6

8.9

8.4

6.7

8.8

7.6

Other race/ethnicity

4.0

2.1

3.0

3.5

3.7

3.6

69.9

74.0

0.0523

61.4

75.1

<0.0001

67.9

76.5

0.0018

Nonsmoker

34.4

43.1

<0.0001

26.4

47.1

<0.0001

31.0

44.0

<0.0001

Former smoker

33.9

36.3

19.1

33.4

16.5

37.7

Current smoker

31.6

20.5

54.6

19.5

52.6

18.3

Less than high school

26.9

16.0

29.4

13.4

30.1

14.9

High school graduate

31.1

22.1

40.7

23.5

39.4

23.9

Some college

20.1

22.5

17.5

21.6

18.6

21.1

College graduate

22.0

39.3

12.4

41.4

12.0

40.0

Married
Smoking status

29

Education
<0.0001

<0.0001

<0.0001

Values presented under p-values columns reflect trend tests across HEI quintiles obtained via regression for continuous variables and Cochran-MantelHaenszel test for categorical variables. HEI, Healthy Eating Index; ML, machine learning.

Figure 1 – All-cause mortality hazard ratios for Q5 (vs. Q1) for women (left, n=5,594) and men
(right, n=5,195) in NHANES III (n=10,789)

1.2

Men

Women

1
0.89
0.8

0.79
0.73

0.6

0.65

0.77

0.61

0.4

Standard HEI
Key Facets HEI

0.2

0

Legend:
Survey-weighted, sex-stratified Cox proportional hazards models compared all-cause mortality risk
estimates across quintiles (Q) of all 3 HEI scores. Estimates displayed are for the 5 th quintile (high diet
quality) and error bars reflect 95% confidence intervals. Models are fully adjusted for race/ethnicity,
education, smoking status, BMI, marital status, physical activity, hormone replacement therapy, age,
energy intake and alcohol intake. The Key Facets HEI is additionally adjusted for summed moderation
components.

30

Figure 2 – Cardiovascular disease mortality hazard ratios for Q5 (vs. Q1) for women (left,
n=5,594) and men (right, n=5,195) in NHANES III (n=10,789)
2.5

Men

Women
2

1.5

1

0.5
Standard HEI

Key Facets HEI

0

Legend:
Survey-weighted, sex-stratified Cox proportional hazards models compared cardiovascular disease
mortality risk estimates across quintiles (Q) of all 3 HEI scores. Estimates displayed are for the 5 th
quintile (high diet quality) and error bars reflect 95% confidence intervals. Models are fully adjusted for
race/ethnicity, education, smoking status, BMI, marital status, physical activity, hormone replacement
therapy, age, energy intake and alcohol intake. The Key Facets HEI is additionally adjusted for summed
moderation components.
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PREFACE
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Buchanan, DrPH, MS, and Maya K. Vadiveloo, PhD, RD, FAHA.
Access to the Multiethnic Cohort (U01 CA164973) data utilized in this analysis was provided by the
University of Hawaii and the University of Southern California.
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ABSTRACT
Background: Currently, various high-quality dietary patterns are assumed to comparably reduce mortality
risk, yet risk reduction may be optimized by reweighting diet quality components according to their relative
importance.
Objective: Determine whether modified-weight Healthy Eating Index (HEI) scores developed and
evaluated within NHANES III adults are associated with greater magnitudes of all-cause and CVD
mortality risk reduction (vs. HEI-2015) when analyses are replicated in an independent cohort.
Design: Data from n=156,863 adults aged 45-75 years were analyzed from the Multiethnic Cohort (MEC).
Diet quality was assessed with the HEI-2015 using baseline food frequency questionnaire responses.
Standard HEI weights of 5 or 10 points assigned to the 13 components (9 adequacy, 4 moderation) were
reweighted creating two modified HEI scores: 1) the Key Facets HEI equally weighted fruits, vegetables,
whole grains, and plant proteins and 2) the Machine Learning (ML)-weighted HEI where weights were
derived using LASSO models in NHANES III to capture relative component contributions to mortality risk.
All 3 HEI scores were ranked and assigned to deciles; covariate-adjusted sex-stratified Cox models with
attained age as the timescale assessed associations between HEI deciles and all-cause and CVD mortality
risk.
Results: High scores (≥90th percentile, vs. <10th percentile) on all HEIs were significantly associated with
10% to 24% reduced all-cause and CVD mortality risk. For women, all 3 HEI scores were similarly
associated with reduced mortality risk of 21% to 23% for all-cause and 22% to 24% for CVD. For men, the
standard and ML-weighted HEIs were associated with reductions of 15% for all-cause and 20% to 22% for
CVD and the Key Facets HEI was associated with a 10% reduction in all-cause and CVD mortality risk.
Conclusions: All-cause and CVD mortality risk associations were generally comparable across modified
and standard HEI-2015 scores in the MEC. While further research is needed, comparable associations
suggest there may be opportunities to simplify dietary guidance.
Word count: 316 (300 limit)
Keywords: diet quality, diet quality components, Healthy Eating Index, machine learning, mortality, allcause mortality, cardiovascular disease mortality, Multiethnic Cohort.
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INTRODUCTION
Suboptimal dietary patterns are increasingly recognized lifestyle factors that influence various
long-term health outcomes contributing to 11 million deaths globally in 2017 mostly due to cardiovascular
disease (CVD).1 Research consistently indicates that high-quality dietary patterns rich in fruits, vegetables,
whole grains, plant proteins, and limited in red and processed meats, refined grains, and added sugar are
protective against CVD and mortality.2,3 For instance, high scores on 4 different a priori diet quality
indexes were consistently associated with a 14% to 28% reduced risk of all-cause and CVD mortality
across 3 large cohorts in the Dietary Patterns Methods Project (DPMP). 4 Despite consistent mortality risk
reductions observed among different high-quality dietary patterns, insufficient attention has been given to
the similarities in food groups emphasized across these patterns and whether increasing the relative weights
of those facets could improve mortality risk reduction.
Current diet quality indexes feature subjectively-assigned weighting schemes where components
(i.e., food groups and nutrients) are often weighted equally.5 However, when these diet quality components
are examined and compared individually in reviews and meta-analyses, findings support differential rather
than equivalent importance in terms of health outcomes. 2,6 For instance, fruits, vegetables, whole grains,
and plant proteins (herein collectively referred to as ‘Key Facets’) are consistently and more strongly
associated with health outcomes compared to other facets, and therefore are present in virtually all diet
quality indexes. Importantly, mortality risk reduction conferred from optimal intake of single key facets in
meta-analyses is often comparable to the range of total diet quality risk reduction,6,7 suggesting that current
diet quality indexes may incompletely capture total diet-related mortality risk. While a posteriori
assessment methods can better capture underlying diet-disease associations, findings are only reflective of
the sample-specific dietary patterns so such methods have low generalizability. 8
Advances in machine learning (ML) methodology have improved dietary risk estimation by better
capturing complex dietary patterns.9 In a previous analysis, Kravitz and Carroll used ML models to
optimize Healthy Eating Index (HEI)-2005 component weights for cancer and mortality outcomes 10; ML
models consistently omitted the empty calories component while weights on total vegetables were
consistently doubled. More recently, we have applied ML models to optimize diet quality component
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weighting schemes for estimating mortality risk – while HEI-2015 scores were not associated, when
components were reweighted using theory- and ML-based approaches, scores were associated with 23% to
39% reduced mortality risk (see Aim 1). However, the utility of modified-weight diet quality scores has
only been established in a nationally representative sample and not yet replicated in other samples.
Therefore, within the present study, our aim was to characterize the replicability of our earlier
findings where theory-based and data-driven modified (versus standard) diet quality component weighting
schemes were more strongly associated with mortality risk (see Aim 1). Within the Multiethnic Cohort
(MEC), one of the original DPMP cohorts, we hypothesized that modified-weight diet quality scores would
be associated with a strengthened magnitude of mortality risk associations as compared to the HEI-2015.
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METHODS
This secondary analysis utilized data from the Multiethnic Cohort (MEC, n=215,782), a large,
ethnically diverse epidemiological sample recruited to better understand diet and cancer relationships.11
Participants were recruited from 5 main ethnic groups including African-Americans, Japanese-Americans,
Latinos, Whites, and Native Hawaiians.12 Individuals aged 45 to 75 years, residing in Hawaii or Los
Angeles County, California were identified using various data sources (e.g., drivers’ license and voter
registration files, census tract data, etc.) and recruited via mail from 1993 to 1996. Participants who
completed and returned the self-administered 26-page baseline questionnaire were enrolled in the MEC.
The baseline data collected included a food frequency questionnaire (FFQ), demographics, health
conditions and behaviors, medication and supplement use, etc.
For this analysis, MEC participants were included if they identified as one of the 5 main
ethnicities (i.e., African-American, Latino, Japanese-American, Latino, White, and Native Hawaiian,
n=13,992 excluded), had valid dietary data (i.e., participants within ±3 SD of kcals and within ±3.5 SD of
macronutrients of sex-ethnic group distributions; n=8,198 excluded for invalid data) and mortality data
(n=6 eliminated for death date preceding enrollment age), and no prior chronic disease diagnoses
(n=36,723 excluded for previous diagnosis of stroke, myocardial infarction, coronary heart disease, or nonskin cancer). All analyses were sex-stratified resulting in 86,669 women and 70,194 men resulting in an
analytic sample of n=156,863 MEC participants (Supplementary Figure 2).
Diet quality exposure variables
Diet quality was assessed with the Healthy Eating Index (HEI)-201513 using baseline FFQ
responses. The self-administered quantitative 182-item FFQ was developed to capture ethnic foods and was
validated and calibrated within a MEC subsample.14 To determine nutrient intake from FFQ responses,
food composition tables were created specifically for the MEC, based on pre-existing multiethnic food
composition data at the Cancer Research Center of Hawaii and expanded with FFQ calibration data to best
capture the target population’s intake.12 To determine food group intake, the food composition tables were
also linked to the USDA’s Pyramid Servings Database. 15 These database linkages allowed for the
calculation of total nutrient and food group intakes, i.e., inputs for the HEI-2015 from FFQ responses.
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HEI-2015 – The HEI-2015 assesses adherence to the Dietary Guidelines for Americans 2015-2020
and contains 13 components including 9 adequacy (where higher intake equates to higher scores) and 4
moderation (where lower intake equates to higher scores) components. 13 Standard HEI-2015 scores were
calculated from FFQ responses, scoring components proportionally to intake. Each HEI-2015 component is
assigned a weight of 10 points except for food groups represented with 2 components, which are assigned a
weight of 5 points each for a total maximum score of 100 points. After calculating standard HEI-2015
scores, components were then reweighted to create 2 modified-weight HEI scores described below for a
total of 3 HEI scores which are all summarized in Table 1.
Key Facets HEI – In the Key Facets HEI, 100 total HEI-2015 points were distributed equally
across the 4 key facets (i.e., fruits, vegetables, whole grains, and plant proteins). Because the key facets are
represented with 6 HEI-2015 components, key facets represented with a single component (i.e., whole
grains, seafood & plant protein) were assigned 25 points whereas key facets represented with nested
components (e.g., whole and total fruit, total vegetables and greens & beans) were assigned 12.5
points/subcomponent.
ML-weighted HEI – Weights developed in NHANES III were used to calculate ML-weighted HEI
scores (component weights displayed in Table 1) in the MEC. In the ML-weighted HEI, data-driven
LASSO models were used to reweight components to reflect their relative importance. Methods for the
derivation of the ML-weighed HEI are described in Aim 1. Briefly, HEI-2015 component scores were
exposure variables in sex-stratified, cross-validated Cox LASSO models with age as the timescale
(described below) estimating all-cause mortality associations in NHANES III adults. From LASSO models,
component estimates were used to assign weights based on relative component contribution to summed
estimates.
Mortality outcomes
Mortality events were ascertained from MEC enrollment (1993 to 1996) through December 31,
2019; participants without a mortality event at this time were censored. Due to low out-migration rates of
adults in Hawaii and California, ascertainment of mortality outcomes was determined primarily via linkage
to state death certificates as well as the National Death Index for participants who have relocated out-of-
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state.12 Deaths due to CVD were designated when the primary cause of death was indicated with ICD-9
codes 390x-448x (but not 435x) and ICD-10 codes I00x-I78x or G45x.
Covariates
Covariates adjusted for in models were selected a priori in alignment with those applied in the
DPMP analyses.4 For comparability with the DPMP, covariates were replicated precisely using the DPMP
operationalization. Based on self-reported baseline questionnaire data, covariates included race/ethnicity,
education, marital status, smoking status, BMI, physical activity, hormone replacement therapy (HRT,
women only), age (years), energy intake (kcal), and alcohol intake (g). Race/ethnicity was reported on the
baseline questionnaire where participants selected from 9 options including Black or African-American,
Chinese, Filipino, Hawaiian, Japanese (includes Okinawan), Korean, Mexican or other Hispanic, White or
Caucasian, or Other (specified by participant). For this analysis, race/ethnicity was categorized using the 5
categories established in the MEC (i.e., African-American, Latino, Japanese-American, Native Hawaiian,
and White). Education was assessed with an 8-level (did not complete 6th grade, 6th – 8th grade, 9th –10th
grade, 11th – 12th grade, vocational school, some college, graduated college, graduate or professional
school) baseline questionnaire response which was recategorized into a 4-level covariate (less than high
school, high school graduate, some college, college graduate). Marital status was reported on the baseline
questionnaire using a 5-level response (married, separated, divorced, widowed, never married) was
recategorized to a dichotomous (married vs. not married) covariate. Smoking status was assessed using the
baseline question, “have you ever smoked a total of 20 or more packs of cigarettes in your lifetime?”;
responses (no, yes and I currently smoke, yes but I quit smoking) were used to create a 3-level covariate
with never, former, and current smokers. Calculated from self-reported baseline height and weight
responses, BMI was categorized into a 3-level covariate (<25, 25 to 29.9, and ≥30 kg/m 2). Baseline
physical activity was assessed using responses for time spent weekly in moderate, vigorous, and strenuous
physical activities; for the physical activity covariate, weekly moderate-to-vigorous activity time was
summed and dichotomized into <2.5 and ≥2.5 hours/week. Use of HRT was dichotomized as a covariate
(yes vs. no) from responses to the baseline questions asking, “did you ever take estrogen/progesterone by
pill, injection, or patch for menopause or other reasons?”. Continuous daily energy (kcal) and alcohol
intake (g) were obtained from processed FFQ responses. Since total Key Facet HEI scores exclude all
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moderation components, summed moderation component scores were included as a covariate in Key Facets
models only.
Statistical analysis
All analyses were conducted in SAS v.9.4. A p-value ≤0.05 was used to determine significance
and no adjustments were made for multiple comparisons. To roughly group participants in terms of relative
diet quality, scores on all 3 versions of the HEI were sorted and ranked into deciles. While quintiles of diet
quality were used in the DPMP and in Aim 1, deciles were applied in the present analysis due to heavily
left-skewed score distributions (i.e., many high scores), particularly for Key Facets HEI scores in MEC
participants (e.g., sex-stratified median scores of 73 to 79 vs. 29 to 34 points in NHANES III).
Descriptive characteristics across deciles of all 3 HEI scores were examined using means and
standard deviations for continuous variables and frequencies for categorical characteristics. Trends across
HEI deciles were assessed using linear regression for continuous variables and the Cochran-ManztelHaenszel test for categorical variables. To characterize the average component intake across each HEI
score, HEI component intake densities (i.e., mean intake per 1000 kcals) were descriptively examined
across deciles of all 3 HEI scores.
Across HEI deciles of all 3 scores, Cox proportional hazards models estimated all-cause and CVD
mortality risk using hazard ratios (HRs) with low HEI scores (i.e., decile 1 or ≤10 th percentile) designated
as the reference group. Overall model p-values as well as p-for-trends (i.e., where the median HEI scores
within each decile were assigned to all subjects) were tested to assess linear trends in mortality risk across
HEI deciles. Within all 3 HEI scores, a partially-adjusted and adjusted model were developed for each allcause and CVD mortality outcome. Partially-adjusted models were adjusted for energy and age and
adjusted models additionally included race/ethnicity, education, marital status, smoking status, BMI,
physical activity, HRT, alcohol intake, and summed moderation components (Key Facets HEI only).
Variance was estimated using standard maximum likelihood methods; a more robust sandwich variance
estimator was applied to models and estimates were unchanged.
Cox proportional hazards assumptions were examined within each HEI exposure variable and all
covariates. Statistical approaches (e.g., ranked correlations with Schoenfeld residuals, interactions with
time) were considered; however, tests were generally significant (i.e., indicating violations) despite very
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small effects (e.g., r<0.1 for all ranked Schoenfeld residual correlations). Since significance testing of the
proportional hazards assumption tends to be inflated in large samples, 16 proportionality of hazards were
assessed visually using sex-stratified log of negative log curves (i.e., where parallel, non-crossing survival
curves for each level of a given exposure/covariate indicated proportionality).
Proportionality was first assessed in primary HEI exposure variables where modifications (i.e.,
changes to timescale or variable transformations) were applied, when needed, in order to meet model
assumptions. Due to substantial crossing of curves for all 3 HEI exposures, attained age (i.e., age at cohort
enrollment to age at death or censor) was designated as the model timescale similarly to Aim 1 rather than
follow-up time used in the DPMP. This alternative age-as-timescale approach was applied because age
rather than time-on-study is generally more strongly associated with mortality risk in healthy adults and
therefore is a more appropriate metric for specifying baseline hazards in this analysis. 17,18 After attained age
was applied as the timescale, curves for exposure variables were parallel with minimal crossing. Therefore,
the age timescale was applied to all remaining analyses including proportional hazards assessments for
covariates.
Since model covariates were selected a priori in concordance with the DPMP methods and
because comparability was prioritized in primary models, violations to proportional hazards assumptions
were addressed in sensitivity analyses via model stratification based on the violating covariates. While most
covariates met proportionality assumptions with non-crossing curves, across both sexes, visual violations
were observed in education and race/ethnicity. Therefore, in sensitivity analyses, education- and
race/ethnicity-stratified models were examined.
To descriptively and quantitatively compare model fit across the 3 HEI scores, adjusted model
Akaike Information Criteria (AIC) were evaluated. Within each sex-stratified mortality outcome, AICs
from both modified HEI scores were compared against the AIC from the standard HEI-2015 model (i.e.,
where negative change in AIC from the HEI-2015 model suggests improved model fit).
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RESULTS
Over a median follow-up time of 25.3 years, a total of 71,864 deaths occurred (46% of sample),
24,829 or 34% of which were due to CVD mortality. Amongst 86,669 women, 34,026 (42%) total and
11,666 (14%) CVD mortality events occurred and amongst 70,194 men, 34,808 (49%) total and 12,012
(18%) CVD mortality events occurred.
Participant characteristics
Descriptive characteristics across groups with high (i.e., ≥90th percentile) and low (i.e., ≤10th
percentile) scores on all 3 HEIs are displayed in Table 4 for women and Table 5 for men. Most participant
characteristics (e.g., BMI, age, race/ethnicity, marital and smoking status, education, etc.) varied across
deciles of all HEI scores. Participants with high (vs. low) diet quality consistently reported lower BMIs,
were older (e.g., 61 vs. 56 years), and had lower energy intake. Amongst participants with high (vs. low)
diet quality on both modified HEI scores, alcohol intake was lower for both sexes; however, women with
high (vs. low) HEI-2015 scores had increased alcohol intake whereas for men, alcohol intake was similar
across HEI-2015 scores (p=0.4, 15.9 vs. 12.0 g). Across both sexes, groups with HEI scores ≥90 th
percentile generally had more White and African-American participants and fewer Hispanic/Latino and
Native Hawaiian participants; Japanese-American participants were more frequently classified as ≤10 th
percentile in all 3 HEI scores for men and in the HEI-2015 for women but in both modified scores,
Japanese American women were more frequently classified as ≥90 th percentile. Sociodemographic
differences to highlight include higher rates of nonsmokers and former smokers, and college graduates
among participants with high HEI scores.
Mean intake densities (i.e., per 1000 kcals) for all HEI-2015 components across high and low
scores of all 3 HEIs are displayed in Supplementary Tables 9 & 10. Across both sexes and all 3 HEI
scores, component intake patterns were similar. In participants with high (≥90th percentile) HEI scores,
mean component intakes better aligned to DGAs (i.e., higher intake for adequacy and lower for moderation
components) for total vegetables, greens and beans, total fruits, whole fruit, whole grains, seafood and plant
proteins, fatty acids, refined grains, saturated fats, and added sugars. In remaining components (i.e., total
protein foods, dairy, and sodium), intakes were similar across groups with high and low total HEI scores.
For participants with high HEI scores, maximum component scores were consistently achieved for total
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vegetables, greens and beans, total fruit, whole fruit, whole grains, and added sugars. However, for
participants with high and low total diet quality, mean intakes were aligned with low component scores on
dairy, seafood and plant proteins, sodium, refined grains, and saturated fats.
All-cause mortality
All-cause mortality results are summarized in Figure 3 which displays adjusted, sex-stratified
associations for high diet quality (i.e., 90th percentile, vs. versus low (10th percentile)) across the
unmodified and modified HEI-2015 scores and all-cause mortality risk. For women, high scores on both the
HEI-2015 (HR=0.79, 95% confidence interval (CI): 0.75 to 0.83) and Key Facets HEI (0.79 [0.75,0.84])
were associated with 21% reductions in all-cause mortality risk while the ML-weighted HEI was associated
with a 23% reduction (HR=0.77 [0.73,0.80]). For men, high scores on the HEI-2015 (HR=0.85 [0.81,0.89])
and the ML-weighted HEI (HR=0.85 [0.81,0.89]) were both associated with 15% reductions in mortality
risk while the Key Facets HEI was associated with a 10% risk reduction (HR=0.90 [0.86,0.95]). Full
findings are presented in Supplementary Table 11 where all 3 HEI scores were significantly associated
with mortality risk (p-value for trend <0.0001) before and after adjustment.
CVD mortality
In Figure 4, findings are summarized for associations between high HEI scores (i.e., 90 th
percentile, vs. 10th percentile) and CVD mortality risk. Findings for CVD mortality were similar to those
from all-cause mortality. In women, high scores on all 3 HEI scores were similarly associated with 22% to
24% reductions in CVD mortality risk including the HEI-2015 (HR=0.78 [0.72,0.85]), the Key Facets HEI
(0.76 [0.70,0.83]), and the ML-weighted HEI (0.77 [0.71,0.84]). In men, reduction in CVD mortality risk in
high versus low scores was 22% on the HEI-2015 (HR=0.78 [0.72,0.85]) and 20% on the ML-weighted
while the Key Facets HEI estimate was attenuated and associated with a 10% CVD risk reduction (0.90
[0.83,0.99]). Full CVD mortality results are presented in Supplementary Table 12. In all models, HEI
scores were significantly associated with CVD mortality risk (p-value for trend <0.03).
Sensitivity analyses
Models stratified by covariates violating proportional hazards assumptions (i.e., race/ethnicity and
education) are presented in Supplementary Tables 13 to 21. Across race/ethnicity-stratified models
(Supplementary Tables 13 to 17), HEI scores were significantly associated with all-cause mortality risk in
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White, African-American (except for Key Facets in men, p-value for trend = 0.8), Japanese-American, and
Latino (except for modified scores in men, p-values for trend >0.1) groups. Significant associations for
CVD mortality were observed in Whites, African-Americans (except for Key Facets in men, p-value for
trend = 0.8), and Japanese-Americans but only for the HEI-2015 in men (p-value for trend = 0.005) and the
Key Facets in women (p-value for trend = 0.004). Within Native Hawaiians, only the Key Facets HEI was
associated with all-cause (p-value for trend = 0.001) and CVD (p-value for trend = 0.016) mortality risk in
women.
Race/ethnicity-stratified HRs appeared similar across modified and standard HEI scores like in the
overall sample, however, the magnitudes of association appeared to vary across race/ethnicitys and were
generally higher (versus overall estimates) for White and African-American groups, albeit to a larger
degree in White MEC participants. Overall, in White participants, high HEI scores were associated with
33% to 36% reductions in all-cause risk for women (versus 21% to 23% overall) and 21% to 23% for men
(10% to 15% overall) while 31% to 38% reductions in CVD mortality risk were observed for women (22%
to 24% overall) and 30% to 35% for men (10% to 22% overall). High HEI scores in African-American
participants were associated with all-cause mortality risk reductions of 15% to 28% for women and 9% to
26% for men and CVD mortality risk reductions of 21% to 31% for women and 26% to 34% in men; the
magnitude of risk reduction was descriptively strongest in the HEI-2015 (versus modified scores). Among
Latinos and Japanese-Americans, estimates appeared to be attenuated and were generally not associated
with CVD mortality. Modified scores, and the Key Facets HEI in particular, descriptively performed better
amongst women (vs. men) in Latino, Japanese-American, and Native Hawaiian groups.
Across education-stratified models (Supplementary Tables 18 to 21), significant associations for
all-cause mortality risk were observed across all 3 HEI scores for women of all educational groups.
Among women where reductions in all-cause mortality were 21% to 23% in the overall sample,
associations were similar amongst women with less than high school education (19% to 24%) and
descriptively stronger for women high school graduates (23% to 27%); associations were somewhat
attenuated amongst women with some college (17% to 21%) and college graduate groups (15% to 20%).
CVD mortality associations were generally significant across women in all education groups, except for
less than high school education where only the Key Facets was associated. For CVD mortality, relative to
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the overall sample (22% to 24% for women), education-stratified estimates varied and appeared smaller in
magnitude for women with some college (16% to 21%) and larger in magnitude for women who were
college graduates (20% to 26%), with less than high school education (30% on Key Facets only), and high
school graduates (33% to 36%).
Within men, significant all-cause mortality risk associations were observed across all HEI scores
for groups with less than high school education and high school graduates, and across all HEI scores except
the Key Facets among participants with some college and college graduates. Relative to the overall sample
where men had 10% to 15% reductions in all-cause mortality risk, associations were descriptively similar
across men of all education groups (11% to 20%). Fewer associations were observed for CVD mortality
outcomes – among men with less than high school education, no significant associations were observed.
Amongst the other educational groups, the HEI-2015 was consistently associated while the Key Facets HEI
was not associated and the ML-weighted HEI was associated only in men with high school graduate and
some college education. For CVD mortality, relative to the overall sample (10% to 22% for men), estimates
were similar amongst men that were high school (14% to 22%) and college graduates (11% on HEI-2015
only), and slightly stronger for men with some college education (20% to 25%).
Model fit
Model fit results are displayed in Supplementary Table 16. Across the 3 different HEI scores,
sex-stratified AIC values were very similar across models with very little (i.e., <0.1%) change observed for
all outcomes, suggesting that all models performed relatively similarly. For women, both all-cause and
CVD mortality models had slightly better fit (i.e., AIC reduced by 1 to 6 points) with the modified HEI
scores (vs. the HEI-2015 model) except for the ML-weighted HEI for all-cause mortality, which performed
almost identically to the HEI-2015. For men in both all-cause and CVD mortality models, model fit was
best in the HEI-2015 model and slight increases in AIC values were observed for in the Key Facets (+9 to
11 points) and the ML-weighted (+32 to 41 points) models.
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DISCUSSION
The purpose of this study was to examine the replicability of analyses conducted in NHANES III
demonstrating that Key Facets and ML-weighted HEI scores were associated with reduced all-cause
mortality risk by examining the same associations in a more ethnically diverse sample. In the present
analysis of MEC participants, we recreated both modified HEI scores including the ML-weighted HEI
based on parameters from NHANES III and the theory-based Key Facets HEI. Contrary to hypotheses, we
did not find the modified scores to be differently associated with all-cause or CVD mortality risk compared
to the HEI-2015 – all scores were comparable in estimated magnitudes with 10% to 24% reduced all-cause
and CVD mortality risk in men and women. While HEI associations with mortality are consistent with
previous MEC analyses,19,20 present findings contrast with those from NHANES III where high Key Facets
and ML-weighted HEI scores were associated with 23% to 39% reduced risk of all-cause mortality.
Nevertheless, in sensitivity analyses, associations differed by ethnicity and amongst White MEC
participants, modified score estimates were strengthened and approached the larger magnitudes of
association observed in NHANES III, particularly for CVD mortality (33% to 38% reduced risk).
Comparable risk reduction across the three HEI scores was unexpected; nevertheless, there are
several potential explanations for these findings. Both samples utilized different diet assessment methods
(i.e., a single 24-hr recall in NHANES III vs. an FFQ in the MEC) which are subject to unique sources of
bias and measurement error. For instance, since only 1, 24-hr recall was routinely administered in
NHANES III, usual intake was not fully captured.21 which may have influenced ML weights. While FFQs
may better capture longer term intake, they are subject to a variety of limitations (e.g., portion size
measurement, finite food lists, reliance on complex memory etc.) which collectively contribute to biased
estimates of intake.22 The 182-item FFQ used in the MEC contained a wide variety of ethnic foods,
however, findings from a calibration sub-study (n=1,606 MEC participants) indicated differential FFQ
performance across ethnic groups.14 Between the FFQ and 3, 24-hr recalls, nutrient intake correlations were
highest in White participants, lower for Latino and Japanese-American participants, and lowest for AfricanAmerican participants. Across calibration slopes, significant differences among ethnic groups were
observed for energy intake in men and for % of kcals from protein, fat, saturated fat, and carbohydrates in
women; slopes also differed across education and BMI.14 Importantly, since Native Hawaiians were a later
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addition to the other 4 MEC ethnic groups, they were not included in the calibration sub-study so the FFQ
performance was not characterized amongst Native Hawaiians.
While differences in diet assessment methods likely contributed to inconsistent findings, it is
important to note that different overarching dietary patterns were captured in both samples. The MEC
dietary patterns appeared to be healthier as mean HEI-2015 scores compared to NHANES III were 20.2
points higher in women and 17.6 points higher in men (data not shown). Notably, MEC participants had
substantially lower added sugar intake – NHANES III participants with high HEI scores had mean added
sugar intakes between 10.2% to 12.5% of kcals which was similar to the mean intakes in MEC participants
with low HEI scores (10.9% to 11.8% kcals, mean intake among high HEI scores ranged from 6.6% to
6.9%). Importantly, 24-hr recalls are regarded as more accurate methods for capturing added sugar intake. 23
So while dietary patterns appeared to be healthier in the MEC compared to NHANES III, some of the
differences across samples may be related to the methods used to capture intake.
Notably, the methods for calculating the HEI-2015 and modified scores constrain intake within
food groups where intake exceeding the threshold may be beneficial. The percent of participants meeting or
exceeding HEI component thresholds for both sexes in the MEC ranged from 4% to 79% (highest in whole
fruit and added sugar, lowest in dairy and sodium) versus 9% to 66% in NHANES III (highest in total
vegetables and protein foods, lowest in whole fruit and whole grains, data not shown). Within MEC
women, 79% of whole fruit intakes were constrained – average intake (1.05 cups/1000 kcals) exceeded the
HEI threshold (0.4 c/1000 kcals) by >150% and at the 99th percentile of intake (3.76 c/1000 kcals), the HEI
threshold was exceeded by >800%. Since any intake that exceeds established component intake thresholds
is constrained to the maximum score, intake variation outside of these thresholds is not reflected in HEI
scores.13 To our knowledge, no current studies have altered intake thresholds within diet quality indexes,
however, amongst meta-analyses of food groups and mortality risk, findings suggest that intake beyond the
current thresholds may influence mortality risk estimates. 6 Importantly, MEC participants exceeding any
Key Facets intake thresholds also more frequently exceeded additional component thresholds which may
have contributed to the varying performance of the Key Facets HEI across samples.
Aside from sample differences related to diet assessment methods and intake patterns, differing
baseline mortality risks across samples may have contributed to dissimilar findings. In NHANES III, a
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nationally representative sample of adults aged ≥20 years were analyzed versus the MEC which features a
large convenience sample of adults aged 45-75 years. While researchers captured a diversity of socioeconomic statuses from each targeted ethnic group, compared to national estimates, MEC participants were
slightly more educated and smoking rates were 30% to 50% lower than the general population,12 which
may have resulted in lower baseline mortality risk compared to NHANES III. Thus, recalibration of MLweights as well as reevaluation of component score thresholds within large, diverse cohorts is an important
area of future research.
While DPMP analyses indicated that no single diet quality index outperformed the others in terms
of sex-stratified mortality risk associations, previous MEC analyses as well as our sensitivity analyses
indicate that diet quality scores are differentially associated with mortality risk across ethnic groups. 19,20
None of the DPMP diet quality scores were associated with CVD mortality in Latinos nor with any
mortality outcome in Native Hawaiians in the MEC – in contrast, we found that the Key Facets HEI was
associated with reduced all-cause and CVD mortality in Native Hawaiian women. Furthermore, Panizza et
al. reported that high HEI-2015 scores were differentially associated with reduced all-cause mortality risk
across ethnic groups; reductions were strongest in White (44% in women, 31% in men) and weakest in
Latino participants (8% in women, 12 % in men).20 These findings were largely corroborated in our
sensitivity analyses – modified HEI scores appeared to perform best in White participants where significant
mortality risk reductions of 23% to 38% (vs. 10% to 24% overall) were observed. These findings suggest
that our modified HEI scores may perform differently across ethnic groups, indicating that further
consideration of ethnic variation in dietary patterns may be essential for developing modified diet quality
component weights that have transferability to other samples.
Despite similar associations across the modified and standard HEI scores with all-cause and CVD
mortality in the overall sample, the comparability in risk reduction has implications for policy. Notably,
there have been some diet quality increases in the US population over the past few decades, from 49 points
in 1999-2000 to 59 points in 2011-12 – shifts are attributed to reduced intake of overall and empty calories
and increased intake of whole fruit and greens and beans. 24 Given these promising changes in U.S. diet
quality and comparable mortality estimates (vs. HEI-2015) on our two modified-weight scores where Key
Facets were heavily weighted and moderation components were removed or down-weighted suggests that
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there may be opportunities to simplify overall dietary guidance and the HEI. Consumers find current
guidance frustrating and confusing,25 which may be attributed to the highly detailed and cumbersome
nature of the DGAs. Clear and simplified nutrition guidance may reduce consumer confusion and eliminate
one barrier to adopting and maintaining a healthy dietary patern.25 Focusing more on increasing intake of
Key Facets (instead of all HEI components equally) may be a practical approach for simplifying guidance
while still capturing diet-related risk.
Taken together, our results along with prior findings 10 suggest that further research is warranted to
optimize diet quality component weights as data-driven weighting schemes produce differential weights
inconsistent with current HEI weighting procedures. In both analyses exploring modified weighting
schemes, consistency was demonstrated in similar patterns of reduced weight moderation components and
increased weight Key Facets.10 The replicated ML-weights derived in NHANES III did not produce the
large magnitude of risk reduction observed in NHANES III where the 39% risk reduction for women
approached double the risk reduction observed in the MEC. As such, it may be necessary to consider HEI
scoring details such as intake thresholds and allocation of foods into components as well as correction for
measurement error in diet assessment methods in order to improve the generalizability of ML-weights
between samples. Furthermore, comparable mortality estimates across standard and modified HEI scores in
the MEC and improved performance of modified scores in NHANES III suggests that modified weighting
schemes should be further explored. Given that both analyses examined dietary patterns captured in the
1980’s and 90’s, further analyses should explore these associations within more recent dietary data
considering the promising trends in U.S. diet quality. Since examining mortality risk associated with
current dietary patterns is challenging due the need for extended follow-up time required to capture
mortality outcomes, future analyses examining modified-weight HEI scores should also consider
associations with more intermediate outcomes.
Limitations
This analysis is not without limitations. The MEC is a convenience sample that may be subject to
selection bias resulting in a healthier sample than the general population. Furthermore, while the sample is
ethnically and socioeconomically diverse, there may be specific environmental exposures (e.g., food access
and availability) in CA and HI that influence dietary patterns and mortality risk, therefore limiting
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generalizability to the broader population. For this analysis, diet was assessed with one FFQ completed
during recruitment in the mid-1990’s; changes in dietary patterns likely occurred over follow-up which
may have influenced mortality risk associations. Aside from uncaptured changes in dietary patterns,
limitations in FFQ intake estimations must be considered as findings from the FFQ calibration sub-study
suggest that this tool may be limited in terms of its ability to accurately and equitably capture intake in a
multiethnic sample.14 While all diet assessment methods are subject to bias and error, evidence consistently
indicates that FFQ estimates of energy and nutrient intake are substantially impacted by misreporting to a
greater degree than in 24-hr recalls which can bias outcome associations.22,26–28
This analysis also has several strengths. By aligning methodology to both the initial DPMP analysis as
well as the NHANES III analysis from which the ML-weighted HEI was derived, our methods allow for
comparison across studies. The greater sample size and number of CVD events in the MEC allowed us to
detect relationships with CVD mortality within our modified HEI scores, which largely reflected overall
mortality associations. Furthermore, increased sample size and mortality events in the MEC allowed for
adequately powered stratified analyses which highlighted differential performance of our modified scores
across education and ethnic groups. Lastly, replication of analyses examining modified-weight HEI from a
nationally representative sample within a large and diverse cohort contributes understanding to the
understudied area of dietary patterns and their associations with mortality risk across ethnic groups.
In conclusion, we found that modified and standard HEI scores were comparably associated with
reduced all-cause and CVD mortality, contrary to hypotheses and analyses within the NHANES III.
Nevertheless, further research to optimize HEI weights is warranted as we believe comparable risk
reduction estimates may have been unduly influenced by systemic measurement error in the FFQ and
healthier dietary patterns reported in the MEC. Moreover, comparable risk reduction despite these issues is
notable as it pertains to simplifying guidance. Taken together, the observations of comparable to greater
mortality risk reduction associated with modified-weight HEI scores across two samples opens important
questions in respect to the relative importance of the various U.S. Dietary Guidelines and in turn, the
relative weight of HEI components. Further analyses are needed to reexamine current scoring constraints
and optimize HEI weights in a nutritionally adequate and generalizable fashion.
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Table 4 – Descriptive charactaristics for women in the Multiethnic Cohort across groups of high (≥90 th percentile) and low (≤10th percentile)
diet quality on 3 HEI scores (n=86,669)
Standard HEI

Key facets HEI

ML-weighted HEI

≤10%

≥90%

≤10%

≥90%

≤10%

≥90%

(decile 1)

(decile 10)

(decile 1)

(decile 10)

(decile 1)

(decile 10)

n

8660

8673

8669

8668

8666

8667

All-cause cases (n)

3299

4173

3405

3941

3299

4032

CVD cases (n)

1073

1461

1096

1373

1037

1339

Score percentile

Mean±SD or %

p-trend

Mean±SD or %

p-trend

Mean±SD or %

p-trend
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Standard HEI

49.9±4.4

85.9±2.9

<0.0001

53.0±7.6

82.1±5.5

<0.0001

51.1±5.8

84.3±4.4

<0.0001

Key Facets HEI

52.6±12.0

93.8±6.4

<0.0001

47.9±8.6

98.6±1.5

<0.0001

49.8±10.7

97.0±3.7

<0.0001

ML-weighted HEI

49.1±7.9

89.8±4.4

<0.0001

49.1±8.2

90.3±3.8

<0.0001

47.4±6.4

91.6±2.4

<0.0001

BMI

27.1±5.9

25.1±4.8

<0.0001

27.0±5.8

25.1±4.9

<0.0001

27.2±5.9

24.8±4.8

<0.0001

Age (years)

55.9±8.5

62.0±8.3

<0.0001

55.8±8.5

61.5±8.6

<0.0001

55.4±8.4

62.1±8.4

<0.0001

Energy intake (kcals)

2035±1058

1828±788

<0.0001

1984±1010

1866±793

<0.0001

2020±1044

1853±772

<0.0001

Alcohol intake (g)

3.6±16.8

4.0±10.8

0.0021

10.3±33.0

2.2±6.5

<0.0001

8.2±28.8

2.6±10.1

<0.0001

Race/ethnicity

<0.0001

<0.0001

<0.0001

19%

30%

25%

27%

23%

27%

African-American

14%

26%

18%

19%

17%

21%

Hispanic/Latino

26%

11%

21%

13%

24%

9%

Japanese-American

30%

26%

26%

35%

25%

37%

Native Hawaiian

10%

6%

11%

6%

10%

6%

59%

57%

57%

59%

58%

60%

55

White

Married
Smoking status

<0.0001
<0.0001

<0.0001
<0.0001

<0.0001

Nonsmoker

49%

61%

46%

62%

45%

63%

Former smoker

24%

32%

26%

31%

25%

31%

Current smoker

27%

7%

29%

7%

30%

6%

Education

<0.0001

<0.0001

<0.0001

<High school

22%

10%

17%

13%

19%

11%

High school

33%

26%

33%

26%

32%

27%

Some college

28%

32%

30%

30%

29%

30%

College graduate

18%

32%

20%

31%

19%

33%

37%

55%

39%

53%

36%

56%

Hormone replacement therapy

<0.0001

<0.0001

<0.0001

<0.0001

Trends across HEI deciles were assessed using linear regression for continuous variables and the Cochran-Manztel-Haenszel test for categorical
variables. HEI, Healthy Eating Index; ML, machine learning.
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Table 5 – Descriptive charactaristics for men in the Multiethnic Cohort across groups of high (≥90 th percentile) and low (≤10th percentile) diet
quality on 3 HEI scores (n=70,194)
Standard HEI

Key facets HEI

ML-weighted HEI

≤10%

≥90%

≤10%

≥90%

≤10%

≥90%

(decile 1)

(decile 10)

(decile 1)

(decile 10)

(decile 1)

(decile 10)

n

7024

7017

7019

7014

7019

7019

All-cause cases (n)

3275

3858

3400

3834

3321

3893

CVD cases (n)

1126

1320

1091

1373

1097

1328
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Mean±SD or %

p-trend

Mean±SD or %

p-trend

Mean±SD or %

p-trend

Standard HEI

47.2±3.9

82.9±3.3

<0.0001

50.9±7.1

79.8±5.7

<0.0001

48.6±5.3

81.8±4.5

<0.0001

Key Facets HEI

45.9±12.2

91.7±7.5

<0.0001

39.4±8.7

96.1±3.0

<0.0001

41.8±10.9

94.1±5.3

<0.0001

ML-weighted HEI

48.7±6.7

88.8±4.3

<0.0001

48.6±7.1

88.4±4.8

<0.0001

46.9±5.3

90.0±2.9

<0.0001

BMI

26.8±4.3

25.8±3.7

<0.0001

26.6±4.3

25.8±3.8

<0.0001

26.7±4.3

25.8±3.8

<0.0001

Age (years)

56.3±8.5

61.3±8.6

<0.0001

56.1±8.4

61.3±8.7

<0.0001

56.2±8.4

61.5±8.6

<0.0001

Energy intake (kcals)

2456±1186

2196±925

<0.0001

2509±1142

2210±927

<0.0001

2499±1152

2201±929.6

<0.0001

Alcohol intake (g)

15.9±39.0

12.0±21.3

0.3991

40.2±70.2

5.9±11.5

<0.0001

25.4±58.5

8.8±16.2

<0.0001

Race/ethnicity

<0.0001

<0.0001

<0.0001

White

19%

36%

24%

33%

20%

36%

African-American

10%

18%

12%

16%

11%

17%

Hispanic/Latino

25%

15%

17%

16%

24%

13%

Japanese-American

37%

25%

36%

30%

35%

28%

Native Hawaiian

10%

6%

11%

5%

10%

6%

74%

75%

72%

79%

74%

75%

Married

<0.0001

<0.0001

<0.0001
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Smoking status

<0.0001

<0.0001

<0.0001

Nonsmoker

23%

40%

21%

39%

24%

39%

Former smoker

42%

53%

43%

53%

44%

54%

Current smoker

35%

7%

36%

8%

32%

7%

Education

<0.0001

<0.0001

<0.0001

<High school

19%

10%

14%

11%

19%

10%

High school

27%

21%

29%

21%

27%

21%

Some college

31%

29%

33%

29%

31%

29%

College graduate

23%

40%

24%

38%

24%

39%

Trends across HEI deciles were assessed using linear regression for continuous variables and the Cochran-Manztel-Haenszel test for categorical
variables. HEI, Healthy Eating Index; ML, machine learning.
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Figure 3 – All-cause mortality hazard ratios for high diet quality (≥90 th percentile vs. ≤10th
percentile) for women (n=86,669) and men (n=70,194) in the MEC
1.05

Women

Men

1

0.95

0.9

0.9

0.85

0.8

0.85

0.79

0.79

0.85

Standard HEI
0.77

0.75

Key Facets HEI

ML-weighted HEI
0.7

Legend:
Sex-stratified Cox proportional hazards models compared all-cause mortality risk estimates across
deciles of all 3 HEI scores. Estimates displayed are for the 10 th decile (high diet quality) and error bars
reflect 95% confidence intervals. Models are fully adjusted for race/ethnicity, education, smoking
status, BMI, marital status, physical activity, hormone replacement therapy, age, energy intake and
alcohol intake. The Key Facets HEI is additionally adjusted for summed moderation components.
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Figure 4 – Cardiovascular disease mortality hazard ratios for high diet quality (≥90 th percentile
vs. ≤10th percentile) for women (n=86,669) and men (n=70,194) in the MEC
1.05

Men

Women
1

0.95

0.9

0.9

0.85

0.8

0.85

0.79

0.85

0.79

0.77
0.75

Standard HEI
Key Facets HEI

0.7

ML-weighted HEI

Legend:
Sex-stratified Cox proportional hazards models compared CVD mortality risk estimates across deciles
of all 3 HEI scores. Estimates displayed are for the 10 th decile (high diet quality) and error bars reflect
95% confidence intervals. Models are fully adjusted for race/ethnicity, education, smoking status, BMI,
marital status, physical activity, hormone replacement therapy, age, energy intake and alcohol intake.
The Key Facets HEI is additionally adjusted for summed moderation components.
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APPENDICES

INTRODUCTION
Early nutrition research primarily targeted nutrient deficiencies using a reductionist approach to
focus on relationships between single dietary component and disease. Though over the past few decades,
prevention efforts have shifted to examining dietary patterns and their impact on increasingly prevalent
chronic diseases which impact more than half of all US adults. 1 Presently, dietary patterns are increasingly
recognized as major modifiable chronic disease risk factors cardiovascular disease (CVD) risk factor that
account for approximately 45% of U.S. CVD mortality cases, 2 making it a crucial target for increasing
healthy life expectancy.3
Methodologically, the relationship between total diet and chronic disease risk is difficult to
characterize because total diet is a highly dimensional (i.e., with many features/components that are
intercorrelated) and dynamic exposure. Furthermore, chronic disease pathophysiology involves numerous
conditions (e.g., CVD, diabetes, cancer, etc.) and risk factors (e.g., diet, physical activity, genetics, etc.).
Considered in totality, dietary components influence chronic disease risk and development in a complex,
non-additive (i.e. synergistic or antagonistic) manner which makes it difficult to capture the full magnitude
of the relationship between diet and health outcomes. 4
Since methods of assessing singular dietary component diet-disease relationships do not
adequately capture the complexity and multidimensionality of the total diet exposure, the shift towards a
total diet focus was reflected in a shift in diet assessment methodology with a newfound focus on usual
dietary patterns (i.e. frequency, quantities, and combinations of habitual food and beverage consumption) in
efforts to better characterize the complex association between diet and chronic disease risk. Dietary patterns
can be assessed using a variety of data-driven (i.e., a posteriori) and theory-driven (i.e., a priori) methods.
A posteriori methods are used to identify patterns in the data5 but they are not capable of formulating
predictions on diet-disease relationships6 and they are difficult to interpret and compare across samples.
Within a priori dietary pattern assessment methods, diet quality is a measure of overall diet
healthfulness summarized in a single score that reflects multiple components (e.g., food groups and
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nutrients). Measures of diet quality holistically capture dietary multidimensionality (i.e. by assessing
various constituents) and consider both components where both higher intake is encouraged (i.e. adequacy
components such as fruit and vegetables) and lower intake is encouraged (i.e. moderation components such
as sodium and added sugar).1 Poor diet quality is a major modifiable risk factor for many chronic diseases,
contributing to morbidity, mortality, increased healthcare costs, and decreased quality of life. 2–4 Despite the
need for primary prevention efforts to improve diet quality and reduce chronic disease burden, overall diet
quality in the U.S. is low, with adults scoring a mean of 59 points out of 100 on the Healthy Eating Index
(HEI)-2015.5 Considerable research demonstrates that healthy dietary patterns – e.g., those aligned to
national U.S. Dietary Guidelines for Americans (DGAs) or widely-recognized healthy diets (e.g.,
Mediterranean) – are consistently and inversely associated with morbidity and mortality.7
Since methodology for assessing diet quality varies across indexes, 7 the Dietary Patterns Methods
Project (DPMP) was initiated in 2012 to synthesize mortality associations across indexes. The novel DPMP
collaboration harmonized methodology and examined mortality associations across 3 indexes using 4
different indexes.7 Results indicated that high (vs. low) quality diets consistently but modestly reduced the
risk of all-cause and CVD mortality by 14-28%.7 Despite underlying differences, indexes performed
remarkably similarly and findings supported further integration of a flexible approach to nutrition
recommendations, which now serves as the conceptual framework for the DGAs.1
However, the DPMPs findings highlighted major gaps in diet quality assessment research. Namely,
while the indexes differed substantially, 4 food groups (fruit, vegetables, whole grains, plant-based proteins) were common to all indexes and DPMP researchers hypothesized that these key facets may drive
overall diet quality-mortality relationships. While all indexes contained these facets, the contribution of intake to total scores is determined by index-specific weighting schemes which symbolically represent the
relative importance of diet quality facets (i.e., nutrients or food groups). Variation across index weighting
schemes arises from subjective interpretations which are necessary when guidance is translated into an interpretable index.8 Currently, all major diet quality indexes, including the 4 examined by the DPMP all feature subjectively-assigned weights; therefore, it is possible that consistent mortality associations across different indexes may arise from the subjectively-assigned weighting schemes.
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Diet quality component weights have yet to be optimized despite evidence that some facets are likely
more influential than others.9 Furthermore, optimizing weighting schemes to reflect relative component importance may better capture diet quality-based mortality risk. While high diet quality in the DPMP was
consistently associated with a 14-28% reduction in mortality risk,7 the magnitude of association is comparable to some individual key facets when examined independently in meta-analyses. Notably, while the 4
key facets are more strongly associated with mortality outcomes (vs. other components) in meta-analyses,
this is not reflected in current diet quality index weighting schemes, 9,10 suggesting that key facets may be
currently underweighted.

Diet quality component weighting schemes have yet to be optimized to reflect consistent evidence that
some dietary facets are more critical and impactful than others. 9 From theory-based approach, redistributing
total points equally across key facets could better capture diet-related mortality risk while still retaining
equivalent weights across these facets. Importantly, while key facets are most strongly associated with mortality,9 all diet quality components are independently associated with mortality.11 Since dietary patterns
have complex relationships with health outcomes and diet quality components themselves tend to be interrelated (e.g., synergistically or antagonistically),4,7,8 a purely theory-based approach may oversimplify the
underlying relationships between dietary patterns and mortality risk.
While currently underutilized in diet quality measurement methods, machine learning (ML) is a form
of artificial intelligence involving computational modeling and analytic approaches that adapt and learn
based on patterns in data, rather than specific instruction. 12 In the broader biomedical and health research
fields, machine learning methods have been recently popular for solving age-old methodology problems.13–
15

Since ML methods primarily aim of maximize the variance explained through relationships in the data,

they may be particularly useful for capturing multidimensional and/or collinear exposures, selecting influential predictors, and specifying complex models for diet-mortality relationships.16
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Aim 1 supplementary tables and figures

Supplementary Figure 1 – Sample flow chart designating the analytic sample of 10,789 NHANES III
participants

67

Supplementary Table 1 – Mean intake within HEI components across quintiles of high and low diet quality among n=5594 women in NHANES
III
Standard HEI

Key facets HEI

ML-weighted HEI

68

HEI component

Units

Maximum

Q1

Q5

Q1

Q5

Q1

Q5

Total Vegetables

cup equivalents/1000 kcal

≥1.1

1.24

2.42

1.34

2.26

1.57

2.26

Greens & Beans

cup equivalents/1000 kcal

≥0.2

0.07

0.38

0.00

0.41

0.10

0.35

Total Fruit

cup equivalents/1000 kcal

≥0.8

0.23

1.63

0.13

1.54

0.05

1.68

Whole Fruit

cup equivalents/1000 kcal

≥0.4

0.01

0.52

0.00

0.54

0.00

0.53

Whole Grains

oz equivalents/1000 kcal

≥1.5

0.10

1.25

0.04

1.21

0.07

1.26

Dairy

cup equivalents/1000 kcal

≥1.3

0.70

0.79

0.71

0.74

0.71

0.75

Total Protein Foods

oz equivalents/1000 kcal

≥2.5

2.14

2.46

2.48

2.34

2.42

2.42

Seafood & Plant Proteins

cup equivalents/1000 kcal

≥0.8

0.11

0.71

0.02

0.90

0.03

0.92

Fatty Acids

MUFAs+PUFAs/SFA

≥2.5

1.50

2.31

1.68

2.10

1.50

2.29

Sodium

g/1000 kcal

≤1.1

1.83

1.48

1.63

1.63

1.68

1.60

Refined Grains

oz equivalents/1000 kcal

≤1.8

3.72

1.92

3.20

2.27

3.30

2.16

Saturated Fats

% kcal

≤6.5%

13.36

8.67

12.17

9.71

13.46

8.77

Added Sugars

% kcal

≤8%

20.25

10.17

20.46

11.38

19.48

11.32

Supplementary Table 2 – Mean intake within HEI components across quintiles of high and low diet quality among n=5195 men in NHANES III
Standard HEI

Key facets HEI

ML-weighted HEI
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HEI component

Units

Maximum

Q1

Q5

Q1

Q5

Q1

Q5

Total Vegetables

cup equivalents/1000 kcal

≥1.1

1.19

2.01

1.19

1.94

1.01

2.01

Greens & Beans

cup equivalents/1000 kcal

≥0.2

0.05

0.33

0.00

0.35

0.10

0.27

Total Fruit

cup equivalents/1000 kcal

≥0.8

0.18

1.18

0.10

1.23

0.06

1.30

Whole Fruit

cup equivalents/1000 kcal

≥0.4

0.01

0.35

0.00

0.38

0.00

0.35

Whole Grains

oz equivalents/1000 kcal

≥1.5

0.09

1.12

0.02

1.13

0.07

1.06

Dairy

cup equivalents/1000 kcal

≥1.3

0.67

0.68

0.71

0.64

0.76

0.61

Total Protein Foods

oz equivalents/1000 kcal

≥2.5

2.36

2.54

2.58

2.49

2.18

2.72

Seafood & Plant Proteins

cup equivalents/1000 kcal

≥0.8

0.12

0.72

0.01

0.90

0.04

0.90

Fatty Acids

MUFAs+PUFAs/SFA

≥2.5

1.52

2.32

1.69

2.13

1.51

2.30

Sodium

g/1000 kcal

≤1.1

1.85

1.41

1.58

1.61

1.63

1.57

Refined Grains

oz equivalents/1000 kcal

≤1.8

3.65

1.93

3.02

2.33

3.65

2.12

Saturated Fats

% kcal

≤6.5%

13.12

9.11

12.18

9.98

12.98

9.27

Added Sugars

% kcal

≤8%

19.54

10.68

17.73

12.45

19.16

11.56

Supplementary Table 3 – Partially-adjusted and adjusted hazard ratios for all-cause mortality risk associated with high diet quality compared
to low across three different HEI scores in NHANES III (n=10,789)
HEI version

Sex

Q1

Q2

Q3

Q4

Q5

P-value

p-fortrend

Partially-adjusted
Standard
Women

REF

0.81 [0.61,1.07]

0.87 [0.65,1.16]

0.73 [0.56,0.94]

0.65 [0.50,0.85]

0.0224

0.0008

Men

REF

0.87 [0.70,1.09]

0.88 [0.69,1.12]

0.78 [0.60,1.00]

0.67 [0.54,0.82]

0.0074

0.0006

Women

REF

0.81 [0.60,1.09]

0.72 [0.49,1.05]

0.61 [0.47,0.80]

0.54 [0.39,0.73]

<.0001

<.0001

Men

REF

0.63 [0.46,0.85]

0.60 [0.44,0.80]

0.43 [0.32,0.58]

0.47 [0.36,0.62]

<.0001

<.0001

Women

REF

0.64 [0.48,0.84]

0.71 [0.50,1.01]

0.54 [0.40,0.71]

0.48 [0.37,0.64]

<.0001

<.0001

Men

REF

1.00 [0.77,1.31]

0.70 [0.51,0.94]

0.56 [0.42,0.74]

0.55 [0.42,0.72]

<.0001

<.0001

0.79 [0.60,1.04]

<.0001

0.0635

Key Facets

70
ML-weighted

Adjusted
Standard
Women

REF

0.87 [0.64,1.18]

0.99 [0.75,1.30]

0.80 [0.61,1.05]

Men

REF

0.96 [0.75,1.22]

0.97 [0.77,1.21]

0.92 [0.72,1.18]

0.89 [0.71,1.11]

<.0001

0.2958

Women

REF

0.93 [0.70,1.23]

0.82 [0.57,1.17]

0.75 [0.56,1.01]

0.65 [0.46,0.92]

<.0001

0.0017

Men

REF

0.76 [0.55,1.05]

0.77 [0.57,1.04]

0.60 [0.44,0.81]

0.73 [0.54,0.99]

<.0001

0.0257

Women

REF

0.69 [0.54,0.89]

0.81 [0.57,1.15]

0.64 [0.48,0.85]

0.61 [0.46,0.81]

<.0001

0.0030

Men

REF

1.07 [0.83,1.36]

0.81 [0.62,1.08]

0.72 [0.55,0.95]

0.77 [0.59,1.01]

<.0001

0.0111

Key Facets

71
ML-weighted

Hazard ratio estimates were obtained using survey-weighted Cox proportional hazards models. p-value represent the omnibus, global null hypothesis
test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the quintile-specific median HEI score for all
participants. Partially-adjusted models contain energy intake and age. Fully-adjusted models are adjusted for race/ethnicity, smoking status, BMI,
marital status, physical activity, hormone replacement therapy (HRT), continuous energy and alcohol intake. The key facets HEI is additionally adjusted
for summed moderation components.

Supplementary Table 4 – Partially-adjusted and adjusted hazard ratios for CVD mortality risk associated with high diet quality compared to
low across three different HEI scores in NHANES III (n=10,789)
HEI version

Sex

Q1

Q2

Q3

Q4

Q5

P-value

p-fortrend

Partially-adjusted
Standard

72

Women

REF

0.65 [0.38,1.10]

1.02 [0.60,1.72]

0.93 [0.54,1.60]

0.68 [0.44,1.04]

0.1722

0.1615

Men

REF

0.53 [0.30,0.92]

0.63 [0.39,1.04]

0.56 [0.32,0.98]

0.66 [0.45,0.95]

0.0058

0.1257

Women

REF

1.16 [0.52,2.59]

0.80 [0.38,1.69]

0.83 [0.46,1.53]

0.75 [0.36,1.57]

0.5950

0.3836

Men

REF

0.61 [0.35,1.05]

0.77 [0.45,1.31]

0.45 [0.28,0.73]

0.54 [0.33,0.89]

0.0025

0.0292

Women

REF

1.13 [0.65,1.95]

1.25 [0.69,2.29]

0.65 [0.35,1.19]

0.76 [0.44,1.32]

0.1570

0.0583

Men

REF

0.86 [0.54,1.36]

0.46 [0.28,0.74]

0.41 [0.22,0.76]

0.59 [0.39,0.90]

0.0009

0.0397

0.84 [0.49,1.44]

0.0002

0.7062

Key Facets

ML-weighted

Adjusted
Standard
Women

REF

0.70 [0.39,1.24]

1.18 [0.72,1.95]

1.01 [0.56,1.81]

Men

REF

0.55 [0.31,0.97]

0.68 [0.43,1.07]

0.66 [0.36,1.19]

0.88 [0.56,1.37]

<0.0001

0.9973

Women

REF

1.30 [0.55,3.06]

0.93 [0.43,2.01]

1.00 [0.50,2.02]

0.92 [0.38,2.20]

<0.0001

0.4229

Men

REF

0.77 [0.42,1.39]

1.04 [0.60,1.77]

0.65 [0.39,1.08]

0.92 [0.48,1.73]

<0.0001

0.6952

Women

REF

1.21 [0.70,2.10]

1.47 [0.78,2.78]

0.77 [0.40,1.47]

0.94 [0.53,1.68]

0.0007

0.3220

Men

REF

0.87 [0.57,1.34]

0.52 [0.33,0.84]

0.52 [0.27,0.99]

0.82 [0.51,1.33]

<0.0001

0.5811

Key Facets

ML-weighted

73

Hazard ratio estimates were obtained using survey-weighted Cox proportional hazards models. p-value represent the omnibus, global null hypothesis
test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the quintile-specific median HEI score for all
participants. Partially-adjusted models contain energy intake and age. Fully-adjusted models are adjusted for race/ethnicity, smoking status, BMI,
marital status, physical activity, hormone replacement therapy (HRT), continuous energy and alcohol intake. The key facets HEI is additionally adjusted
for summed moderation components.

Supplementary Table 5 – Adjusted hazard ratios for all-cause mortality risk associated with high diet quality compared to low across three
different HEI scores in NHANES III participants with less than high school education (n=3,808): a sensitivity analysis stratifying by education
HEI version

Sex

Q1

Q2

Q3

Q4

Q5

P-value

p-fortrend

Standard

74

Women

REF

0.72 [0.49,1.08]

0.93 [0.62,1.40]

0.66 [0.48,0.90]

0.85 [0.59,1.24]

<.0001

0.2654

Men

REF

1.04 [0.70,1.53]

0.96 [0.69,1.33]

0.77 [0.59,1.01]

0.92 [0.59,1.41]

0.0004

0.2897

Women

REF

1.25 [0.81,1.91]

0.81 [0.56,1.17]

0.96 [0.62,1.49]

0.89 [0.60,1.31]

<.0001

0.0962

Men

REF

0.80 [0.54,1.17]

0.96 [0.70,1.33]

0.66 [0.43,1.01]

0.84 [0.55,1.28]

0.0001

0.1166

Women

REF

0.82 [0.59,1.15]

0.81 [0.54,1.21]

0.81 [0.52,1.27]

0.85 [0.59,1.22]

<.0001

0.2520

Men

REF

0.82 [0.60,1.12]

0.63 [0.45,0.89]

0.71 [0.51,0.99]

0.62 [0.42,0.90]

<.0001

0.0158

Key Facets

ML-weighted

Hazard ratio estimates were obtained using survey-weighted Cox proportional hazards models. p-value represent the omnibus, global null hypothesis
test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the quintile-specific median HEI score for all
participants. Fully-adjusted models are adjusted for race/ethnicity, smoking status, BMI, marital status, physical activity, hormone replacement therapy
(HRT), continuous energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.

Supplementary Table 6 – Adjusted hazard ratios for all-cause mortality risk associated with high diet quality compared to low across three
different HEI scores in NHANES III participants with a high school education (n=3,518): a sensitivity analysis stratifying by education
HEI version

Sex

Q1

Q2

Q3

Q4

Q5

P-value

p-fortrend

Standard

75

Women

REF

1.30 [0.79,2.14]

1.14 [0.76,1.72]

1.11 [0.72,1.71]

1.00 [0.61,1.64]

0.0006

0.5963

Men

REF

1.05 [0.68,1.64]

1.00 [0.58,1.73]

1.01 [0.60,1.71]

0.69 [0.44,1.09]

<.0001

0.1301

Women

REF

1.24 [0.77,1.98]

1.17 [0.69,1.98]

1.00 [0.61,1.65]

0.85 [0.48,1.51]

0.0002

0.1331

Men

REF

0.59 [0.35,0.97]

0.66 [0.40,1.09]

0.46 [0.29,0.75]

0.41 [0.27,0.62]

<.0001

0.0005

Women

REF

0.71 [0.48,1.05]

1.16 [0.69,1.93]

0.67 [0.46,0.98]

0.65 [0.42,1.01]

0.0006

0.0448

Men

REF

1.45 [0.87,2.40]

0.92 [0.53,1.58]

0.91 [0.48,1.71]

0.68 [0.43,1.07]

<.0001

0.0161

Key Facets

ML-weighted

Hazard ratio estimates were obtained using survey-weighted Cox proportional hazards models. p-value represent the omnibus, global null hypothesis
test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the quintile-specific median HEI score for all
participants. Fully-adjusted models are adjusted for race/ethnicity, smoking status, BMI, marital status, physical activity, hormone replacement therapy
(HRT), continuous energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.

Supplementary Table 7 – Adjusted hazard ratios for all-cause mortality risk associated with high diet quality compared to low across three
different HEI scores in NHANES III participants with some college education (n=1,965): a sensitivity analysis stratifying by education
HEI version

Sex

Q1

Q2

Q3

Q4

Q5

P-value

p-fortrend

Standard
Women

REF

0.82 [0.36,1.87]

1.03 [0.46,2.32]

0.85 [0.43,1.70]

0.86 [0.39,1.92]

0.0748

0.7610

Men

REF

0.84 [0.41,1.74]

1.11 [0.53,2.34]

1.21 [0.60,2.41]

1.05 [0.59,1.87]

0.004

0.7587

Women

REF

0.49 [0.26,0.92]

0.41 [0.20,0.86]

0.77 [0.45,1.31]

0.36 [0.18,0.70]

0.0088

0.0698

Men

REF

1.42 [0.67,3.03]

0.88 [0.39,1.97]

1.13 [0.51,2.48]

1.40 [0.71,2.76]

0.0032

0.6351

Women

REF

0.48 [0.24,0.94]

0.50 [0.26,0.97]

0.71 [0.37,1.37]

0.53 [0.26,1.04]

0.0002

0.3500

Men

REF

1.12 [0.51,2.45]

1.29 [0.54,3.05]

0.83 [0.40,1.72]

1.15 [0.57,2.29]

0.0043

0.8914

Key Facets

76
ML-weighted

Hazard ratio estimates were obtained using survey-weighted Cox proportional hazards models. p-value represent the omnibus, global null hypothesis
test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the quintile-specific median HEI score for all
participants. Fully-adjusted models are adjusted for race/ethnicity, smoking status, BMI, marital status, physical activity, hormone replacement therapy
(HRT), continuous energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.

Supplementary Table 8 – Adjusted hazard ratios for all-cause mortality risk associated with high diet quality compared to low across three
different HEI scores in NHANES III participants with a college graduate education (n=1,498): a sensitivity analysis stratifying by education
HEI version

Sex

Q1

Q2

Q3

Q4

Q5

P-value

p-for-trend

Standard
Women

REF

1.00 [0.15,6.78]

1.00 [0.16,6.40]

1.00 [0.14,7.07]

1.00 [0.16,6.12]

unstable

unstable

Men

REF

0.58 [0.26,1.25]

0.59 [0.33,1.05]

0.95 [0.54,1.66]

0.75 [0.45,1.25]

0.0002

0.8586

Women

REF

0.15 [0.06,0.38]

0.49 [0.19,1.23]

0.10 [0.04,0.26]

0.18 [0.07,0.48]

unstable

unstable

Men

REF

0.90 [0.36,2.21]

0.75 [0.34,1.62]

0.58 [0.27,1.27]

0.93 [0.37,2.37]

0.006

0.9781

Women

REF

1.00 [0.09,11.10]

1.00 [0.10,10.51]

1.00 [0.08,13.08]

1.00 [0.10,10.32]

unstable

unstable

Men

REF

1.02 [0.40,2.65]

0.94 [0.42,2.07]

0.56 [0.23,1.40]

0.84 [0.39,1.82]

0.0165

0.6252

Key Facets

77
ML-weighted

Hazard ratio estimates were obtained using survey-weighted Cox proportional hazards models. p-value represent the omnibus, global null hypothesis
test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the quintile-specific median HEI score for all
participants. Fully-adjusted models are adjusted for race/ethnicity, smoking status, BMI, marital status, physical activity, hormone replacement therapy
(HRT), continuous energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.

Supplementary Table 9 – Adjusted hazard ratios for all-cause and CVD mortality risk associated with high diet quality compared to low across
three different HEI scores in NHANES III (n=10,789): a sensitivity analysis removing education from covariates
HEI version

Sex

Q1

Q2

Q3

Q4

Q5

P-value

p-fortrend

All-cause
Standard

78

Women

REF

0.87 [0.64,1.19]

0.98 [0.75,1.29]

0.80 [0.61,1.05]

0.79 [0.60,1.03]

<.0001

0.0401

Men

REF

0.95 [0.75,1.21]

0.95 [0.76,1.19]

0.89 [0.70,1.14]

0.82 [0.66,1.02]

<.0001

0.0764

Women

REF

0.91 [0.69,1.21]

0.81 [0.56,1.17]

0.74 [0.55,0.99]

0.64 [0.46,0.89]

<.0001

0.0007

Men

REF

0.75 [0.54,1.05]

0.75 [0.55,1.01]

0.57 [0.42,0.79]

0.67 [0.49,0.92]

<.0001

0.0056

Women

REF

0.69 [0.54,0.88]

0.80 [0.57,1.13]

0.63 [0.48,0.84]

0.60 [0.46,0.79]

<.0001

0.0015

Men

REF

1.05 [0.82,1.33]

0.81 [0.61,1.06]

0.69 [0.52,0.92]

0.72 [0.56,0.93]

<.0001

0.0023

0.87 [0.53,1.43]

<.0001

0.7885

Key Facets

ML-weighted

CVD mortality
Standard
Women

REF

0.70 [0.39,1.26]

1.19 [0.73,1.95]

1.01 [0.57,1.79]

Men

REF

0.55 [0.31,0.97]

0.66 [0.42,1.05]

0.63 [0.34,1.15]

0.80 [0.53,1.22]

<.0001

0.6801

Women

REF

1.33 [0.59,2.98]

0.94 [0.44,2.02]

1.02 [0.53,1.97]

0.96 [0.43,2.13]

0.0002

0.4715

Men

REF

0.75 [0.42,1.36]

1.01 [0.60,1.71]

0.62 [0.37,1.02]

0.82 [0.44,1.52]

<.0001

0.3958

Women

REF

1.22 [0.71,2.11]

1.49 [0.80,2.78]

0.78 [0.42,1.47]

0.97 [0.56,1.67]

0.0025

0.3534

Men

REF

0.85 [0.55,1.31]

0.52 [0.32,0.83]

0.49 [0.25,0.94]

0.75 [0.48,1.19]

<.0001

0.3815

Key Facets

79
ML-weighted

Hazard ratio estimates displayed for high diet quality (HEI quintile 5) with low diet quality (Q1) as the referent group were obtained using surveyweighted Cox proportional hazards models. p-values represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test
across continuous HEI scores by designating the quintile-specific median HEI score for all participants. Fully-adjusted models are adjusted for
race/ethnicity, education, smoking status, BMI, marital status, physical activity, hormone replacement therapy (HRT), continuous energy and alcohol
intake. The key facets HEI is additionally adjusted for summed moderation components.

Supplementary Table 10 – Descriptive comparison of Akaike Information Criteria (AIC) model fit statistics across Cox proportional hazards
models estimating all-cause and cardiovascular disease mortality risk across 3 different HEI scores
Women
AIC

Men
∆ from Standard

AIC

∆ from Standard

All-cause mortality
Standard HEI

414221880

425257659

Key Facets HEI

414076662

-145218

424970607

-287052

ML-weighted HEI

414009390

-212490

425027494

-230165

CVD mortality

80

Standard HEI

99828980

97002548

Key Facets HEI

99859556

30576

97041733

39185

ML-weighted HEI

99771227

-57753

96940734

-61814

Aim 2 supplementary tables and figures
Supplementary Figure 2 – Sample flow chart designating the analytic sample of n=156,863
Multiethnic Cohort (MEC) participants
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Supplementary Table 11 – Mean intake within HEI components across deciles of high and low diet quality for n=86,669 women the MEC
Standard HEI

Key facets HEI

ML-weighted HEI

82

HEI component

Units

Maximum

Decile 1

Decile 10

Decile 1

Decile 10

Decile 1

Decile 10

Total Vegetables

cup equivalents/1000 kcal

≥1.1

0.82

1.62

0.76

1.70

0.85

1.67

Greens & Beans

cup equivalents/1000 kcal

≥0.2

0.13

0.36

0.10

0.38

0.14

0.37

Total Fruit

cup equivalents/1000 kcal

≥0.8

0.38

1.99

0.55

1.61

0.32

1.76

Whole Fruit

cup equivalents/1000 kcal

≥0.4

0.32

1.77

0.45

1.44

0.27

1.58

Whole Grains

oz equivalents/1000 kcal

≥1.5

0.35

1.70

0.39

1.88

0.37

1.85

Dairy

cup equivalents/1000 kcal

≥1.3

0.51

0.78

0.57

0.61

0.56

0.67

Total Protein Foods

oz equivalents/1000 kcal

≥2.5

2.33

2.33

2.21

2.33

2.36

2.40

Seafood & Plant Proteins

cup equivalents/1000 kcal

≥0.8

0.34

0.63

0.28

0.65

0.31

0.70

Fatty Acids

MUFAs+PUFAs/SFA

≥2.5

1.81

2.35

1.90

2.28

1.82

2.44

Sodium

g/1000 kcal

≤1.1

1.70

1.33

1.50

1.57

1.60

1.53

Refined Grains

oz equivalents/1000 kcal

≤1.8

3.54

1.79

3.21

2.19

3.33

2.00

Saturated Fats

% kcal

≤6.5%

11.27

6.92

10.31

7.41

11.27

6.87

Added Sugars

% kcal

≤8%

11.58

6.60

11.75

6.70

11.18

6.64

Total scores

Points

100

49.9

85.9

47.9

98.6

47.4

91.6

23.5

82.2

1.3

95.6

11.9

88.3

Min score

Max score

55.0

99.8

57.7

100

55.0

100

Decile 1 reflects the first decile or low diet quality, i.e., ≤10 th percentile of scores while Decile 10 reflects high diet quality, i.e., ≥90 th percentile of scores.
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Supplementary Table 12 – Mean intake within HEI components across deciles of high and low diet quality for n=70,194 men in the MEC
Standard HEI

Key facets HEI

ML-weighted HEI

84

HEI component

Units

Maximum

Decile 1

Decile 10

Decile 1

Decile 10

Decile 1

Decile 10

Total Vegetables

cup equivalents/1000 kcal

≥1.1

0.70

1.40

0.58

1.46

0.61

1.48

Greens & Beans

cup equivalents/1000 kcal

≥0.2

0.12

0.30

0.07

0.32

0.10

0.31

Total Fruit

cup equivalents/1000 kcal

≥0.8

0.26

1.61

0.27

1.37

0.23

1.54

Whole Fruit

cup equivalents/1000 kcal

≥0.4

0.21

1.40

0.21

1.20

0.18

1.34

Whole Grains

oz equivalents/1000 kcal

≥1.5

0.27

1.59

0.28

1.72

0.29

1.64

Dairy

cup equivalents/1000 kcal

≥1.3

0.43

0.62

0.41

0.55

0.45

0.56

Total Protein Foods

oz equivalents/1000 kcal

≥2.5

2.36

2.40

2.11

2.39

2.11

2.54

Seafood & Plant Proteins

cup equivalents/1000 kcal

≥0.8

0.32

0.68

0.26

0.65

0.28

0.71

Fatty Acids

MUFAs+PUFAs/SFA

≥2.5

1.82

2.37

1.94

2.25

1.84

2.37

Sodium

g/1000 kcal

≤1.1

1.62

1.37

1.36

1.55

1.42

1.52

Refined Grains

oz equivalents/1000 kcal

≤1.8

3.62

1.98

3.21

2.35

3.54

2.04

Saturated Fats

% kcal

≤6.5%

10.69

7.27

9.09

7.85

9.98

7.46

Added Sugars

% kcal

≤8%

11.57

6.67

10.88

6.90

11.58

6.63

Total mean scores

Points

100

47.2

82.9

39.4

96.1

46.9

90.0

17.9

78.6

0.9

91.3

12.8

85.9

Min score

Max score

51.8

98.7

49.6

100

53.1

99.9

Decile 1 reflects the first decile or low diet quality, i.e., ≤10th percentile of scores while decile 10 reflects high diet quality, i.e., ≥90 th percentile of scores.
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Supplementary Table 13 – Partially-adjusted and adjusted hazard ratios for all-cause mortality risk associated with high diet quality compared to low
across three different HEI scores in the MEC
HEI version

Sex

Decile 2

Decile 4

Decile 6

Decile 8

Decile 10

P-

p-for-

10 to 20th %tile

30 to 40th %tile

50 to 60th %tile

70 to 80th %tile

≥90th %tile

value

trend

Partially-adjusted
Standard
Women

0.87 [0.83,0.91]

0.79 [0.76,0.83]

0.78 [0.74,0.82]

0.73 [0.70,0.76]

0.71 [0.67,0.74]

<.0001

<.0001

Men

0.92 [0.88,0.97]

0.84 [0.80,0.89]

0.80 [0.76,0.84]

0.76 [0.72,0.80]

0.73 [0.70,0.77]

<.0001

<.0001

Women

0.85 [0.81,0.89]

0.75 [0.71,0.78]

0.72 [0.69,0.76]

0.69 [0.66,0.72]

0.64 [0.61,0.67]

<.0001

<.0001

Men

0.88 [0.84,0.92]

0.78 [0.75,0.82]

0.71 [0.68,0.75]

0.69 [0.66,0.72]

0.67 [0.64,0.70]

<.0001

<.0001

Women

0.86 [0.82,0.91]

0.77 [0.73,0.81]

0.72 [0.69,0.76]

0.70 [0.67,0.74]

0.63 [0.60,0.66]

<.0001

<.0001

Men

0.89 [0.85,0.94]

0.80 [0.76,0.84]

0.76 [0.72,0.79]

0.74 [0.71,0.78]

0.71 [0.68,0.74]

<.0001

<.0001

Key Facets

ML-weighted
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Adjusted
Standard
Women

0.92 [0.87,0.97]

0.88 [0.83,0.92]

0.85 [0.81,0.90]

0.82 [0.78,0.86]

0.79 [0.75,0.83]

<.0001

<.0001

Men

0.98 [0.93,1.03]

0.94 [0.89,0.98]

0.91 [0.86,0.95]

0.88 [0.84,0.92]

0.85 [0.81,0.89]

<.0001

<.0001

Key Facets
Women

0.91 [0.87,0.96]

0.88 [0.83,0.92]

0.84 [0.80,0.89]

0.82 [0.78,0.86]

0.79 [0.75,0.84]

<.0001

<.0001

Men

0.99 [0.94,1.04]

0.95 [0.90,0.99]

0.91 [0.87,0.96]

0.90 [0.86,0.95]

0.90 [0.86,0.95]

<.0001

<.0001

Women

0.91 [0.86,0.95]

0.86 [0.82,0.91]

0.84 [0.80,0.89]

0.84 [0.80,0.88]

0.77 [0.73,0.80]

<.0001

<.0001

Men

0.95 [0.90,0.99]

0.91 [0.87,0.96]

0.90 [0.85,0.94]

0.89 [0.85,0.94]

0.85 [0.81,0.89]

<.0001

<.0001

ML-weighted
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Hazard ratio estimates displayed using low diet quality (D1, i.e., decile 1) as the referent group were obtained using Cox proportional hazards models. p-values
represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the decile-specific
median HEI score for all participants. Partially-adjusted models contain energy intake and age. Fully-adjusted models are adjusted for race/ethnicity, education,
smoking status, BMI, marital status, physical activity, hormone replacement therapy (HRT), continuous age, energy and alcohol intake. The key facets HEI is
additionally adjusted for summed moderation components.

Supplementary Table 14 – Partially-adjusted and adjusted hazard ratios for cardiovascular disease mortality risk associated with high diet quality
compared to low across three different HEI scores in the MEC
HEI version

Sex

Decile 2

Decile 4

Decile 6

Decile 8

Decile 10

P-

p-for-

10 to 20th %tile

30 to 40th %tile

50 to 60th %tile

70 to 80th %tile

≥90th %tile

value

trend

Partially-adjusted
Standard
Women

0.85 [0.78,0.93]

0.82 [0.75,0.89]

0.79 [0.73,0.86]

0.72 [0.67,0.79]

0.69 [0.64,0.75]

<.0001

<.0001

Men

0.88 [0.81,0.96]

0.84 [0.77,0.91]

0.81 [0.75,0.88]

0.81 [0.75,0.87]

0.71 [0.65,0.76]

<.0001

<.0001

Women

0.87 [0.80,0.94]

0.74 [0.68,0.80]

0.75 [0.69,0.81]

0.69 [0.64,0.75]

0.63 [0.59,0.69]

<.0001

<.0001

Men

0.90 [0.82,0.97]

0.85 [0.78,0.92]

0.77 [0.71,0.84]

0.75 [0.70,0.82]

0.70 [0.65,0.76]

<.0001

<.0001

Women

0.91 [0.84,0.99]

0.78 [0.71,0.84]

0.79 [0.72,0.85]

0.73 [0.67,0.79]

0.62 [0.58,0.68]

<.0001

<.0001

Men

0.89 [0.82,0.96]

0.81 [0.74,0.88]

0.77 [0.71,0.84]

0.78 [0.72,0.84]

0.70 [0.65,0.76]

<.0001

<.0001

Key Facets

88
ML-weighted

Adjusted
Standard
Women

0.92 [0.84,1.01]

0.91 [0.83,0.99]

0.87 [0.80,0.95]

0.82 [0.75,0.89]

0.78 [0.72,0.85]

<.0001

<.0001

Men

0.93 [0.86,1.01]

0.91 [0.84,0.99]

0.89 [0.82,0.97]

0.92 [0.85,1.00]

0.78 [0.72,0.85]

<.0001

<.0001

Key Facets
Women

0.93 [0.85,1.01]

0.86 [0.79,0.94]

0.85 [0.78,0.92]

0.80 [0.73,0.87]

0.76 [0.70,0.83]

<.0001

<.0001

Men

0.99 [0.91,1.07]

0.97 [0.89,1.06]

0.93 [0.85,1.01]

0.94 [0.86,1.03]

0.90 [0.83,0.99]

<.0001

0.0272

Women

0.94 [0.86,1.03]

0.86 [0.79,0.94]

0.90 [0.83,0.98]

0.85 [0.78,0.93]

0.77 [0.71,0.84]

<.0001

<.0001

Men

0.91 [0.84,0.99]

0.88 [0.81,0.96]

0.87 [0.80,0.95]

0.89 [0.82,0.96]

0.80 [0.74,0.87]

<.0001

<.0001

ML-weighted
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Hazard ratio estimates displayed using low diet quality (D1, i.e., decile 1) as the referent group were obtained using Cox proportional hazards models. p-values
represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the decile-specific
median HEI score for all participants. Partially-adjusted models contain energy intake and age. Fully-adjusted models are adjusted for Race/ethnicity, education,
smoking status, BMI, marital status, physical activity, hormone replacement therapy (HRT), continuous age, energy and alcohol intake. The key facets HEI is
additionally adjusted for summed moderation components.

Supplementary Table 15 – Adjusted hazard ratios for all-cause and CVD mortality risk associated with high diet quality compared to low across three
different HEI scores in White participants in the MEC: a sensitivity analysis stratifying by Race/ethnicity
HEI version

Sex

Decile 2

Decile 4

Decile 6

Decile 8

Decile 10

10 to 20th %tile

30 to 40th %tile

50 to 60th %tile

70 to 80th %tile

≥90th %tile

P-value

p-fortrend

All-cause mortality
Standard
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Women

0.86 [0.77,0.96]

0.82 [0.77,0.91]

0.78[0.70,0.86]

0.71 [0.64,0.79]

0.67 [0.61,0.74]

<.0001

<.0001

Men

0.98 [0.88,1.10]

0.88 [0.79,0.99]

0.79 [0.71,0.88]

0.84 [0.75,0.93]

0.79 [0.71,0.87]

<.0001

<.0001

Women

0.82 [0.75,0.90]

0.81 [0.73,0.87]

0.76 [0.69,0.83]

0.72 [0.65,0.79]

0.66 [0.60,0.73]

<.0001

<.0001

Men

0.91 [0.83,1.01]

0.85 [0.77,0.94]

0.84 [0.75,0.93]

0.81 [0.73,0.89]

0.77 [0.70,0.86]

<.0001

<.0001

Women

0.79 [0.71,0.87]

0.80 [0.72,0.88]

0.74 [0.67,0.82]

0.69 [0.63,0.76]

0.64 [0.58,0.71]

<.0001

<.0001

Men

0.97 [0.87,1.08]

0.83 [0.75,0.93]

0.80 [0.72,0.89]

0.81 [0.73,0.90]

0.77 [0.70,0.85]

<.0001

<.0001

Key Facets

ML-weighted

Cardiovascular disease mortality
Standard
Women

0.97 [0.80,1.16]

0.86 [0.72,1.03]

0.85 [0.71,1.01]

0.83 [0.70,0.98]

0.69 [0.58,0.82]

<.0001

<.0001

Men

0.94 [0.77,1.15]

0.90 [0.75,1.09]

0.81 [0.67,0.97]

0.86 [0.72,1.04]

0.70 [0.58,0.83]

<.0001

<.0001

Key Facets
Women

0.83 [0.70,0.99]

0.73 [0.61,0.88]

0.74 [0.62,0.88]

0.64 [0.53,0.76]

0.63 [0.53,0.75]

<.0001

<.0001

Men

0.83 [0.70,0.99]

0.87 [0.73,1.03]

0.76 [0.63,0.91]

0.83 [0.70,0.99]

0.67 [0.56,0.80]

<.0001

0.0070

Women

0.84 [0.70,1.00]

0.71 [0.59,0.86]

0.78 [0.65,0.93]

0.68 [0.56,0.81]

0.62 [0.51,0.74]

<.0001

<.0001

Men

0.88 [0.73,1.07]

0.78 [0.65,0.94]

0.74 [0.62,0.89]

0.83 [0.70,0.99]

0.65 [0.55,0.78]

<.0001

<.0001

ML-weighted

Hazard ratio estimates displayed using low diet quality (D1, i.e., decile 1) as the referent group were obtained using Cox proportional hazards models. p-values
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represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the decile-specific
median HEI score for all participants. Fully-adjusted models are adjusted for education, smoking status, BMI, marital status, physical activity, hormone
replacement therapy (HRT), continuous age, energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.
n= 20,094 women, 8,187 total events, 2,534 CVD events; n=17,073 men, 8,149 total events, 2,669 CVD events.

Supplementary Table 16 – Adjusted hazard ratios for all-cause and CVD mortality risk associated with high diet quality compared to low across three
different HEI scores in African-American participants in the MEC: a sensitivity analysis stratifying by Race/ethnicity
HEI version

Sex

Decile 2

Decile 4

Decile 6

Decile 8

Decile 10

10 to 20th %tile

30 to 40th %tile

50 to 60th %tile

70 to 80th %tile

≥90th %tile

P-value

p-fortrend

All-cause mortality
Standard
Women

0.94 [0.83,1.05]

0.82 [0.73,0.91]

0.85 [0.76,0.95]

0.81 [0.73,0.90]

0.72 [0.65,0.80]

<.0001

<.0001

Men

0.95 [0.83,1.08]

0.90 [0.79,1.02]

0.91 [0.80,1.03]

0.86 [0.76,0.97]

0.74 [0.66,0.84]

<.0001

<.0001

Women

0.97 [0.87,1.08]

1.05 [0.94,1.16]

0.93 [0.84,1.03]

0.87 [0.79,0.97]

0.85 [0.77,0.94]

<.0001

0.0196

Men

0.99 [0.88,1.12]

1.01 [0.90,1.15]

0.93 [0.82,1.06]

0.94 [0.83,1.06]

0.91 [0.81,1.03]

<.0001

0.8041

Women

0.96 [0.86,1.07]

0.93 [0.83,1.03]

0.94 [0.85,1.04]

0.94 [0.84,1.04]

0.75 [0.67,0.83]

<.0001

<.0001

Men

0.94 [0.83,1.07]

0.98 [0.87,1.11]

0.86 [0.76,0.97]

0.90 [0.80,1.01]

0.81 [0.72,0.91]

<.0001

<.0001

Key Facets
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ML-weighted

Cardiovascular disease mortality
Standard
Women

0.97 [0.80,1.16]

0.86 [0.72,1.03]

0.85 [0.71,1.01]

0.83 [0.70,0.98]

0.69 [0.58,0.82]

<.0001

<.0001

Men

0.90 [0.72,1.11]

0.83 [0.68,1.02]

0.83 [0.68,1.01]

0.84 [0.69,1.02]

0.66 [0.55,0.80]

<.0001

<.0001

Key Facets
Women

0.91 [0.77,1.08]

1.02 [0.86,1.21]

0.90 [0.77,1.07]

0.85 [0.72,1.00]

0.79 [0.67,0.94]

<.0001

0.0179

Men

1.04 [0.85,1.27]

1.00 [0.82,1.22]

0.99 [0.81,1.21]

0.90 [0.74,1.11]

0.86 [0.71,1.05]

<.0001

0.7919

Women

1.02 [0.86,1.21]

0.97 [0.81,1.15]

0.98 [0.83,1.16]

0.94 [0.80,1.11]

0.73 [0.62,0.87]

<.0001

0.0001

Men

0.96 [0.79,1.18]

0.92 [0.75,1.13]

0.82 [0.67,1.00]

0.89 [0.73,1.08]

0.74 [0.61,0.90]

<.0001

0.0024

ML-weighted
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Hazard ratio estimates displayed using low diet quality (D1, i.e., decile 1) as the referent group were obtained using Cox proportional hazards models. p-values
represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the decile-specific
median HEI score for all participants. Fully-adjusted models are adjusted for education, smoking status, BMI, marital status, physical activity, hormone
replacement therapy (HRT), continuous age, energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.
n= 15,031 women, 8,161 total events, 3,218 CVD events; n=8,708 men, 5,827 total events, 2,220 CVD events.

Supplementary Table 17– Adjusted hazard ratios for all-cause and CVD mortality risk associated with high diet quality compared to low across three
different HEI scores in Latino participants in the MEC: a sensitivity analysis stratifying by Race/ethnicity
HEI version

Sex

Decile 2

Decile 4

Decile 6

Decile 8

Decile 10

10 to 20th %tile

30 to 40th %tile

50 to 60th %tile

70 to 80th %tile

≥90th %tile

P-value

p-fortrend

All-cause mortality
Standard
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Women

0.95 [0.86,1.05]

0.93 [0.84,1.03]

0.86 [0.77,0.95]

0.85 [0.76,0.96]

0.94 [0.83,1.07]

<.0001

0.0139

Men

0.95 [0.86,1.05]

0.91 [0.83,1.01]

0.96 [0.87,1.06]

0.91 [0.82,1.00]

0.90 [0.80,1.01]

<.0001

0.0197

Women

0.96 [0.85,1.07]

0.90 [0.81,1.01]

0.86 [0.77,0.95]

0.88 [0.78,0.98]

0.91 [0.80,1.03]

<.0001

0.0158

Men

1.04 [0.93,1.16]

0.94 [0.84,1.05]

0.86 [0.77,0.96]

0.95 [0.85,1.07]

0.91 [0.80,1.03]

<.0001

0.1503

Women

0.98 [0.88,1.08]

0.83 [0.74,0.92]

0.80 [0.72,0.90]

0.91 [0.81,1.02]

0.90 [0.78,1.03]

<.0001

0.0010

Men

0.89 [0.81,0.99]

0.87 [0.79,0.96]

0.94 [0.85,1.03]

0.91 [0.82,1.00]

0.87 [0.77,0.98]

<.0001

0.1206

Key Facets

ML-weighted

Cardiovascular disease mortality
Standard
Women

0.96 [0.81,1.15]

0.92 [0.77,1.10]

0.84 [0.70,1.01]

0.84 [0.69,1.02]

0.94 [0.76,1.15]

<.0001

0.4510

Men

0.97 [0.82,1.14]

0.92 [0.78,1.09]

1.04 [0.88,1.22]

1.08 [0.91,1.27]

0.88 [0.73,1.07]

<.0001

0.6658

Key Facets
Women

1.01 [0.83,1.23]

0.88 [0.72,1.07]

0.96 [0.79,1.15]

0.93 [0.76,1.13]

0.99 [0.80,1.23]

<.0001

0.4116

Men

1.00 [0.83,1.22]

0.93 [0.77,1.13]

0.86 [0.72,1.04]

0.96 [0.79,1.15]

1.00 [0.82,1.22]

<.0001

0.7646

Women

1.02 [0.85,1.22]

0.79 [0.66,0.95]

0.83 [0.68,1.00]

0.95 [0.79,1.16]

1.03 [0.82,1.28]

<.0001

0.2815

Men

0.87 [0.74,1.04]

0.90 [0.76,1.06]

0.94 [0.80,1.11]

0.88 [0.75,1.05]

0.90 [0.74,1.10]

<.0001

0.8390

ML-weighted

Hazard ratio estimates displayed using low diet quality (D1, i.e., decile 1) as the referent group were obtained using Cox proportional hazards models. p-values
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represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the decile-specific
median HEI score for all participants. Fully-adjusted models are adjusted for education, smoking status, BMI, marital status, physical activity, hormone
replacement therapy (HRT), continuous age, energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.
n=16,934 women, 6,332 total events, 2,209 CVD events; n=16,889 men, 8,159 total events, 2,920 CVD events.

Supplementary Table 18 – Adjusted hazard ratios for all-cause and CVD mortality risk associated with high diet quality compared to low across three
different HEI scores in Japanese-American participants in the MEC: a sensitivity analysis stratifying by Race/ethnicity
HEI version

Sex

Decile 2

Decile 4

Decile 6

Decile 8

Decile 10

10 to 20th %tile

30 to 40th %tile

50 to 60th %tile

70 to 80th %tile

≥90th %tile

P-value

p-fortrend

All-cause mortality
Standard
Women

0.88 [0.80,0.97]

0.89 [0.80,0.98]

0.90 [0.81,0.99]

0.84 [0.76,0.92]

0.85 [0.77,0.94]

<.0001

0.0003

Men

0.97 [0.89,1.06]

0.97 [0.89,1.06]

0.87 [0.80,0.95]

0.82 [0.75,0.90]

0.90 [0.83,0.99]

<.0001

<.0001

Women

1.00 [0.89,1.11]

0.87 [0.78,0.97]

0.90 [0.81,1.00]

0.87 [0.78,0.96]

0.83 [0.75,0.92]

<.0001

<.0001

Men

0.96 [0.88,1.05]

0.91 [0.83,1.00]

0.92 [0.84,1.01]

0.81 [0.74,0.89]

0.86 [0.78,0.94]

<.0001

0.0003

Women

0.96 [0.85,1.08]

0.96 [0.86,1.07]

0.92 [0.82,1.02]

0.88 [0.79,0.99]

0.85 [0.77,0.95]

<.0001

<.0001

Men

0.95 [0.86,1.04]

0.89 [0.82,0.98]

0.88 [0.80,0.96]

0.84 [0.77,0.92]

0.88 [0.80,0.96]

<.0001

<.0001

Key Facets
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ML-weighted

Cardiovascular disease mortality
Standard
Women

0.83 [0.69,0.99]

1.01 [0.85,1.20]

0.91 [0.76,1.09]

0.84 [0.70,1.00]

0.85 [0.71,1.01]

<.0001

0.0553

Men

0.85 [0.73,0.99]

0.94 [0.81,1.09]

0.82 [0.70,0.95]

0.80 [0.69,0.94]

0.86 [0.74,1.00]

<.0001

0.0051

Key Facets
Women

1.04 [0.85,1.27]

0.87 [0.72,1.06]

0.88 [0.72,1.07]

0.91 [0.76,1.10]

0.82 [0.68,0.99]

<.0001

0.0044

Men

1.00 [0.85,1.18]

0.95 [0.80,1.12]

1.02 [0.87,1.20]

0.85 [0.72,1.00]

0.89 [0.76,1.05]

<.0001

0.2250

Women

0.92 [0.74,1.14]

1.01 [0.83,1.24]

0.98 [0.81,1.19]

0.89 [0.73,1.08]

0.87 [0.72,1.05]

<.0001

0.0540

Men

0.91 [0.77,1.07]

0.86 [0.73,1.01]

0.88 [0.75,1.04]

0.81 [0.69,0.96]

0.88 [0.75,1.03]

<.0001

0.0676

ML-weighted

Hazard ratio estimates displayed using low diet quality (D1, i.e., decile 1) as the referent group were obtained using Cox proportional hazards models. p-values
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represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the decile-specific
median HEI score for all participants. Fully-adjusted models are adjusted for education, smoking status, BMI, marital status, physical activity, hormone
replacement therapy (HRT), continuous age, energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.
n=23,911 women, 8,925 total events, 2,904 CVD events; n=21,012 men, 10,179 total events, 3,309 CVD events.

Supplementary Table 19 – Adjusted hazard ratios for all-cause and CVD mortality risk associated with high diet quality compared to low across three
different HEI scores in Native Hawaiian participants in the MEC: a sensitivity analysis stratifying by race/ethnicity
HEI version

Sex

Decile 2

Decile 4

Decile 6

Decile 8

Decile 10

10 to 20th %tile

30 to 40th %tile

50 to 60th %tile

70 to 80th %tile

≥90th %tile

P-value

p-fortrend

All-cause mortality
Standard
Women

1.02 [0.87,1.21]

0.91 [0.77,1.09]

0.83 [0.70,0.99]

0.88 [0.74,1.05]

0.96 [0.81,1.15]

<.0001

0.2795

Men

1.12 [0.96,1.31]

0.92 [0.77,1.09]

1.02 [0.86,1.16]

1.02 [0.86,1.22]

1.02 [0.86,1.22]

<.0001

0.8308

Women

0.87 [0.74,1.03]

0.71 [0.59,0.85]

0.79 [0.66,0.94]

0.75 [0.62,0.89]

0.81 [0.68,0.97]

<.0001

0.0012

Men

1.13 [0.97,1.31]

1.13 [0.96,1.32]

1.13 [0.95,1.35]

1.04 [0.87,1.24]

1.04 [0.86,1.25]

<.0001

0.4426

Women

0.87 [0.74,1.03]

0.83 [0.70,1.00]

0.84 [0.71,1.01]

0.77 [0.65,0.92]

0.87 [0.73,1.03]

<.0001

0.0870

Men

1.10 [0.95,1.30]

1.08 [0.91,1.27]

1.06 [0.89,1.27]

1.19 [1.00,1.41]

1.07 [0.89,1.28]

<.0001

0.5254

Women

1.14 [0.85,1.55]

1.01 [0.73,1.38]

0.95 [0.69,1.31]

0.95 [0.70,1.31]

1.15 [0.84,1.57]

<.0001

0.7330

Men

1.10 [0.85,1.43]

0.79 [0.59,1.06]

0.97 [0.73,1.29]

1.10 [0.83,1.44]

0.94 [0.70,1.26]

<.0001

0.9638

Key Facets
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ML-weighted

Standard

Key Facets
Women

0.87 [0.65,1.16]

0.76 [0.55,1.03]

0.86 [0.63,1.17]

0.64 [0.46,0.88]

0.76 [0.55,1.05]

<.0001

0.0160

Men

1.11 [0.85,1.45]

1.22 [0.93,1.60]

0.99 [0.73,1.34]

1.29 [0.97,1.71]

1.03 [0.75,1.42]

<.0001

0.4040

Women

0.81 [0.60,1.11]

0.81 [0.59,1.13]

0.97 [0.72,1.32]

0.81 [0.59,1.10]

0.84 [0.62,1.16]

<.0001

0.2658

Men

1.09 [0.83,1.42]

1.05 [0.79,1.39]

1.05 [0.78,1.42]

1.25 [0.94,1.65]

0.99 [0.73,1.34]

<.0001

0.7014

ML-weighted

99

Hazard ratio estimates displayed using low diet quality (D1, i.e., decile 1) as the referent group were obtained using Cox proportional hazards models. p-values
represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the decile-specific
median HEI score for all participants. Fully-adjusted models are adjusted for education, smoking status, BMI, marital status, physical activity, hormone
replacement therapy (HRT), continuous age, energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.
n=6132 women, 2421 total events, 801 CVD events; n=4915 men, 2494 total events, 894 CVD events.

Supplementary Table 20 – Adjusted hazard ratios for all-cause and CVD mortality risk associated with high diet quality compared to low across three
different HEI scores in participants with less than high school education in the MEC: a sensitivity analysis stratifying by education
HEI version

Sex

Decile 2

Decile 4

Decile 6

Decile 8

Decile 10

10 to 20th %tile

30 to 40th %tile

50 to 60th %tile

70 to 80th %tile

≥90th %tile

P-value

p-fortrend

All-cause mortality
Standard
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Women

0.93 [0.85,1.03]

0.93 [0.84,1.02]

0.86 [0.77,0.95]

0.87 [0.78,0.96]

0.86 [0.76,0.96]

<.0001

0.0010

Men

0.87 [0.79,0.96]

0.91 [0.82,1.00]

0.86 [0.78,0.95]

0.87 [0.79,0.97]

0.80 [0.71,0.90]

<.0001

0.0011

Women

0.88 [0.79,0.97]

0.81 [0.73,0.90]

0.80 [0.72,0.89]

0.81 [0.73,0.90]

0.79 [0.71,0.88]

<.0001

0.0001

Men

1.01 [0.90,1.12]

0.90 [0.81,1.01]

0.84 [0.76,0.94]

0.87 [0.78,0.98]

0.88 [0.78,0.99]

<.0001

0.0178

Women

0.93 [0.84,1.03]

0.83 [0.75,0.92]

0.87 [0.78,0.96]

0.87 [0.78,0.97]

0.80 [0.71,0.90]

<.0001

<.0001

Men

0.87 [0.79,0.97]

0.90 [0.81,0.99]

0.89 [0.80,0.98]

0.87 [0.78,0.97]

0.82 [0.73,0.92]

<.0001

0.0117

Key Facets

ML-weighted

Cardiovascular disease mortality
Standard
Women

0.96 [0.81,1.13]

0.94 [0.80,1.11]

0.84 [0.71,1.00]

0.90 [0.76,1.08]

0.90 [0.74,1.08]

<.0001

0.1011

Men

0.84 [0.72,0.99]

0.87 [0.73,1.02]

0.86 [0.73,1.02]

1.01 [0.86,1.20]

0.79 [0.65,0.96]

<.0001

0.3235

Key Facets
Women

0.79 [0.66,0.95]

0.78 [0.66,0.93]

0.80 [0.67,0.95]

0.80 [0.67,0.95]

0.70 [0.58,0.84]

<.0001

0.0193

Men

0.98 [0.81,1.17]

0.87 [0.72,1.04]

0.85 [0.71,1.01]

0.88 [0.73,1.05]

0.97 [0.80,1.17]

<.0001

0.8761

Women

0.93 [0.78,1.10]

0.80 [0.68,0.95]

0.90 [0.76,1.08]

0.93 [0.77,1.11]

0.81 [0.67,0.98]

<.0001

0.0844

Men

0.86 [0.73,1.02]

0.88 [0.75,1.04]

0.91 [0.77,1.08]

0.87 [0.73,1.03]

0.88 [0.73,1.06]

<.0001

0.8434

ML-weighted

Hazard ratio estimates displayed using low diet quality (D1, i.e., decile 1) as the referent group were obtained using Cox proportional hazards models. p-values
represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the decile-specific
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median HEI score for all participants. Fully-adjusted models are adjusted for race/ethnicity, smoking status, BMI, marital status, physical activity, hormone
replacement therapy (HRT), continuous age, energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.
n=13,245 women, 7,064 total events, CVD events; n=11,572 men, 7,159 total events, 2,652 CVD events.

Supplementary Table 21 – Adjusted hazard ratios for all-cause and CVD mortality risk associated with high diet quality compared to low across three
different HEI scores in participants with a high school education in the MEC: a sensitivity analysis stratifying by education
HEI version

Sex

Decile 2

Decile 4

Decile 6

Decile 8

Decile 10

10 to 20th %tile

30 to 40th %tile

50 to 60th %tile

70 to 80th %tile

≥90th %tile

P-value

p-fortrend

All-cause mortality
Standard
Women

0.90 [0.83,0.98]

0.87 [0.80,0.95]

0.82 [0.75,0.89]

0.81 [0.74,0.88]

0.76 [0.70,0.83]

<.0001

<.0001

Men

1.05 [0.96,1.15]

0.93 [0.85,1.02]

0.94 [0.86,1.03]

0.87 [0.79,0.96]

0.88 [0.80,0.96]

<.0001

<.0001

Women

0.91 [0.84,0.99]

0.87 [0.80,0.95]

0.85 [0.78,0.93]

0.81 [0.75,0.89]

0.77 [0.71,0.84]

<.0001

<.0001

Men

1.01 [0.93,1.11]

0.96 [0.88,1.05]

0.89 [0.81,0.98]

0.87 [0.80,0.96]

0.84 [0.76,0.92]

<.0001

0.0010

Women

0.87 [0.80,0.94]

0.83 [0.76,0.90]

0.81 [0.75,0.88]

0.82 [0.76,0.90]

0.73 [0.67,0.80]

<.0001

<.0001

Men

0.96 [0.88,1.05]

0.94 [0.86,1.02]

0.88 [0.81,0.97]

0.91 [0.83,0.99]

0.86 [0.78,0.94]

<.0001

<.0001

Key Facets
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ML-weighted

Cardiovascular disease mortality
Standard
Women

0.92 [0.79,1.06]

0.88 [0.77,1.02]

0.83 [0.72,0.97]

0.77 [0.66,0.89]

0.75 [0.65,0.87]

<.0001

<.0001

Men

0.94 [0.81,1.09]

0.82 [0.70,0.96]

0.94 [0.81,1.10]

0.88 [0.76,1.03]

0.78 [0.67,0.92]

<.0001

<.0001

Key Facets
Women

0.95 [0.82,1.10]

0.88 [0.76,1.02]

0.88 [0.76,1.02]

0.78 [0.67,0.90]

0.77 [0.66,0.89]

<.0001

0.0005

Men

1.09 [0.94,1.27]

1.00 [0.86,1.17]

1.01 [0.86,1.18]

0.90 [0.77,1.06]

0.86 [0.73,1.01]

<.0001

0.1880

Women

0.91 [0.78,1.05]

0.84 [0.73,0.97]

0.84 [0.72,0.97]

0.83 [0.72,0.96]

0.74 [0.64,0.85]

<.0001

<.0001

Men

0.93 [0.80,1.09]

0.89 [0.76,1.04]

0.90 [0.77,1.04]

0.87 [0.74,1.01]

0.80 [0.69,0.94]

<.0001

0.0054

ML-weighted
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Hazard ratio estimates displayed using low diet quality (D1, i.e., decile 1) as the referent group were obtained using Cox proportional hazards models. p-values
represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the decile-specific
median HEI score for all participants. Fully-adjusted models are adjusted for race/ethnicity, smoking status, BMI, marital status, physical activity, hormone
replacement therapy (HRT), continuous age, energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.
n=23,309 women, 11,337 total events, 3,941 CVD events; n=15,970 men, 9,731 total events, 3,360 CVD events.

Supplementary Table 22 – Adjusted hazard ratios for all-cause and CVD mortality risk associated with high diet quality compared to low across three
different HEI scores in participants with some college education in the MEC: a sensitivity analysis stratifying by education
HEI version

Sex

Decile 2

Decile 4

Decile 6

Decile 8

Decile 10

10 to 20th %tile

30 to 40th %tile

50 to 60th %tile

70 to 80th %tile

≥90th %tile

P-value

p-fortrend

All-cause mortality
Standard
Women

0.90 [0.81,1.00]

0.83 [0.75,0.92]

0.87 [0.79,0.95]

0.79 [0.72,0.88]

0.79 [0.72,0.87]

<.0001

<.0001

Men

1.00 [0.91,1.10]

0.96 [0.87,1.05]

0.93 [0.85,1.02]

0.87 [0.79,0.95]

0.85 [0.77,0.93]

<.0001

<.0001

Women

0.95 [0.86,1.04]

0.97 [0.88,1.07]

0.86 [0.78,0.95]

0.82 [0.75,0.91]

0.83 [0.76,0.91]

<.0001

<.0001

Men

1.00 [0.92,1.10]

1.01 [0.92,1.10]

0.97 [0.89,1.07]

0.92 [0.84,1.01]

0.93 [0.85,1.02]

<.0001

0.1451

Women

0.94 [0.85,1.04]

0.93 [0.85,1.03]

0.86 [0.78,0.95]

0.85 [0.78,0.94]

0.80 [0.72,0.88]

<.0001

<.0001

Men

1.00 [0.92,1.10]

0.97 [0.88,1.06]

0.91 [0.83,1.00]

0.93 [0.85,1.02]

0.87 [0.79,0.96]

<.0001

0.0001

Key Facets

104

ML-weighted

Cardiovascular disease mortality
Standard
Women

0.85 [0.70,1.02]

0.91 [0.76,1.09]

0.86 [0.72,1.03]

0.87 [0.73,1.03]

0.79 [0.66,0.93]

<.0001

0.0069

Men

0.90 [0.77,1.06]

0.92 [0.79,1.08]

0.89 [0.76,1.04]

0.83 [0.71,0.97]

0.75 [0.64,0.88]

<.0001

<.0001

Key Facets
Women

1.03 [0.86,1.23]

0.97 [0.81,1.16]

0.92 [0.77,1.09]

0.90 [0.75,1.06]

0.84 [0.71,1.00]

<.0001

0.0135

Men

0.91 [0.78,1.07]

1.03 [0.88,1.20]

0.92 [0.78,1.08]

0.93 [0.79,1.09]

0.89 [0.76,1.04]

<.0001

0.6776

Women

0.98 [0.82,1.18]

0.92 [0.77,1.10]

0.97 [0.82,1.15]

0.89 [0.75,1.06]

0.77 [0.65,0.92]

<.0001

0.0090

Men

0.95 [0.81,1.11]

0.89 [0.76,1.05]

0.81 [0.69,0.95]

0.96 [0.82,1.12]

0.80 [0.68,0.93]

<.0001

0.0030

ML-weighted
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Hazard ratio estimates displayed using low diet quality (D1, i.e., decile 1) as the referent group were obtained using Cox proportional hazards models. p-values
represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the decile-specific
median HEI score for all participants. Fully-adjusted models are adjusted for race/ethnicity, smoking status, BMI, marital status, physical activity, hormone
replacement therapy (HRT), continuous age, energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.
n=24,710 women, 9,303 total events, 3,072 CVD events; n=20,073 men, 9,821 total events, 3,341 CVD events.

Supplementary Table 23 – Adjusted hazard ratios for all-cause and CVD mortality risk associated with high diet quality compared to low across three
different HEI scores in participants with college graduate-level education in the MEC: a sensitivity analysis stratifying by education
HEI version

Sex

Decile 2

Decile 4

Decile 6

Decile 8

Decile 10

10 to 20th %tile

30 to 40th %tile

50 to 60th %tile

70 to 80th %tile

≥90th %tile

P-value

p-fortrend

All-cause mortality
Standard
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Women

0.99 [0.86,1.14]

0.91 [0.79,1.04]

0.93 [0.81,1.06]

0.84 [0.74,0.96]

0.80 [0.71,0.91]

<.0001

<.0001

Men

1.02 [0.90,1.15]

0.96 [0.85,1.07]

0.92 [0.82,1.03]

0.94 [0.84,1.05]

0.89 [0.80,0.99]

<.0001

0.0008

Women

0.92 [0.81,1.05]

0.85 [0.75,0.96]

0.84 [0.75,0.96]

0.80 [0.71,0.91]

0.75 [0.66,0.84]

<.0001

<.0001

Men

0.93 [0.83,1.04]

0.88 [0.79,0.98]

0.91 [0.81,1.01]

0.89 [0.80,0.99]

0.88 [0.79,0.98]

<.0001

0.2671

Women

0.91 [0.79,1.03]

0.92 [0.80,1.04]

0.86 [0.76,0.98]

0.82 [0.72,0.92]

0.75 [0.67,0.85]

<.0001

<.0001

Men

0.95 [0.84,1.07]

0.84 [0.74,0.94]

0.93 [0.83,1.04]

0.87 [0.78,0.97]

0.87 [0.78,0.97]

<.0001

0.0413

Key Facets

ML-weighted

Cardiovascular disease mortality
Standard
Women

1.00 [0.77,1.29]

0.95 [0.74,1.22]

1.04 [0.82,1.32]

0.78 [0.62,0.98]

0.77 [0.61,0.96]

<.0001

0.0029

Men

1.16 [0.94,1.44]

1.15 [0.94,1.42]

0.96 [0.78,1.18]

1.09 [0.90,1.33]

0.89 [0.73,1.09]

<.0001

0.0091

Key Facets
Women

0.95 [0.76,1.19]

0.79 [0.63,1.00]

0.78 [0.62,0.98]

0.73 [0.59,0.91]

0.74 [0.60,0.91]

<.0001

<.0001

Men

0.95 [0.77,1.17]

0.96 [0.79,1.17]

0.90 [0.74,1.10]

0.97 [0.80,1.18]

0.80 [0.66,0.97]

<.0001

0.3604

Women

1.00 [0.79,1.28]

0.97 [0.77,1.24]

0.93 [0.74,1.17]

0.79 [0.63,0.99]

0.80 [0.64,0.99]

<.0001

0.0014

Men

0.91 [0.73,1.13]

0.89 [0.72,1.09]

0.93 [0.76,1.14]

0.90 [0.74,1.09]

0.81 [0.66,0.98]

<.0001

0.1112

ML-weighted

Hazard ratio estimates displayed using low diet quality (D1, i.e., decile 1) as the referent group were obtained using Cox proportional hazards models. p-values
represent the omnibus, global null hypothesis test. P-for-trends were obtained via linear trend test across continuous HEI scores by designating the decile-specific
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median HEI score for all participants. Fully-adjusted models are adjusted for race/ethnicity, smoking status, BMI, marital status, physical activity, hormone
replacement therapy (HRT), continuous age, energy and alcohol intake. The key facets HEI is additionally adjusted for summed moderation components.
n=20,838 women, 6,322 total events, 2,040 CVD events; n=20,982 men, 8097 total events, 2,659 CVD events.

Supplementary Table 24 – Descriptive comparison of AIC model fit statistics across Cox proportional hazards models estimating all-cause and
cardiovascular disease mortality risk across 3 different HEI scores
Women
AIC

Men
∆ from Standard

AIC

∆ from Standard

All-cause mortality
Standard HEI

686594

691568

Key Facets HEI

686584.98

-5.71

691579

8.57

ML-weighted HEI

686585.12

0.5

691606

41.06
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CVD mortality
Standard HEI

232545

237177

Key Facets HEI

232541

-1

237193

10.78

ML-weighted HEI

232542

-4.84

237204

31.56

